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Abstract 
Background: Deterioration of physical function – a common feature of ageing - can lead to a 
lack of independence, poor quality of life, and entry into aged care. Given the aging 
population in Australia and worldwide, understanding how to maintain and improve function 
is a key public health concern. Resistance activities and other tailored exercise programs are 
effective at maintaining and improving function; however, older adults rarely engage in these 
programs. Understanding how activities across the intensity spectrum, in particular, time 
spent sedentary (sitting, reclining or lying down with low energy expenditure), impact on 
physical function can help to inform complementary approaches to the maintenance of 
physical function throughout life. Older adults spend, on average, nine hours per day 
sedentary, with those in aged care settings (such as nursing homes) averaging more than 12 
hours of sedentary time daily. The detrimental health impacts of too much sitting are 
increasingly being recognised across a host of physical and mental health outcomes, 
including with physical function. However, to date, little research has been conducted that 
investigates the associations of sedentary time with physical function using posture monitors, 
in understudied populations such as aged care residents, and/or using longitudinal study 
designs. 
Aim: The primary aim of this Thesis is to investigate the association of sedentary time with 
physical function across settings (community-dwelling vs aged care), measurement methods 
(self-report and objective), and study designs (cross-sectional and longitudinal). This was 
achieved through five research objectives, which were to: 
• Systematically review the evidence on the associations of sedentary time with 
physical function in older adults (Chapter 2). 
• Investigate the cross-sectional associations of sedentary time with physical function in 
a community-dwelling sample using a posture-based monitor (Chapters 3 and 4). 
• Investigate the cross-sectional and longitudinal associations of sedentary time with 
physical function in the aged care setting (Chapter 5). 
• Investigate the longitudinal trajectories of sedentary time and their association with 
physical function in older adults (Chapter 6). 
 ii 
 
• Investigate the bi-directional relationship of sedentary time with physical function in 
older adults (Chapter 7).  
Methods and Results: A systematic literature review was conducted to address the first 
objective of this Thesis. The review searched the Pubmed, Embase, and CINAHL databases, 
including reference list and forward citations searches to identify studies investigating the 
association of sedentary behaviour with physical function in older adults. The search 
identified 28 studies that met the inclusion criteria. The remaining objectives used data from 
four main data sources. Cross-sectional and longitudinal analyses were done using the 
Australian Diabetes, Obesity and Lifestyle study (AusDiab) from all three data collection 
surveys (conducted in 1999/2000, 2004/2005, and 2011/2012). This data addressed the 
second (Chapter 3; cross-sectional) and fourth (Chapter 6; longitudinal) research objectives. 
Data from the Senior’s Thinking, Exercise and Protein Study (STEPS), for which the 
Candidate was involved in the primary data collection, were also used to address the second 
research objective (Chapter 4). Secondary data from a sample of Residential Aged Care 
residents was used to address the third objective (Chapter 5), while data from the Social, 
Economic, and Environmental Factor (SEEF) study, a sub-study of the 45 and Up dataset, 
was used to address the fifth research objective (Chapter 7).  
The key findings were:  
• There is mixed evidence that sedentary time is associated with physical function in 
healthy, community-dwelling older adults, with approximately half of the studies 
observing a significant and detrimental association and the majority of others 
observing no significant association (Chapters 2, 3 and 4); 
• Associations tend to be detrimental and statistically significant in populations with 
poorer health, such as in aged care residents (Chapters 2 and 5); 
• Lifetime sedentary behaviour may influence physical function in later life, such that 
higher sedentary behaviour across the adult lifespan is associated with poorer function 
in older age (Chapters 6 and 7); and, 
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• Sedentary time and physical function appear to be involved in a negative feedback 
loop, such that poor physical function (e.g., triggered by injury or illness) leads to 
higher sedentary time, leading to further reductions in function and other detrimental 
health outcomes (Chapters 2 and 7). 
Conclusions: The findings from this Thesis suggest that there is some evidence of an 
association of sedentary behaviour with physical function in older adults. Specifically, the 
research indicates that poor physical function is predictive of higher sedentary time, which is 
then associated with further declines in function. For this reason, cross-sectional analyses 
show a significant and detrimental association of sedentary behaviour with physical function 
in population groups that already have lower function (e.g., residential aged care residents; 
stroke patients), while associations in healthy, community-dwelling older adults are  
inconsistent. Future research should extend this work by examining other clinically important 
populations (such as cancer survivors, those with other co-morbidities) and conducting 
additional prospective studies. In addition, future research would benefit from evaluating 
other factors that may be involved in the association of sedentary time with physical function, 
including biological mechanisms, other inter- and intra-personal correlates, and the 
environmental and policy contexts contributing to these outcomes.   
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CHAPTER 1 
Introduction and context of the studies 
1.1 Overview 
Maintenance of physical function is crucial for independent living and quality of life for older 
adults.1 This is a particularly salient public health issue given the rapidly ageing population in 
Australia and other developed countries.2 One of the key ways of maintaining and improving 
physical function is through exercise, with programs that include progressive resistance 
training and challenging balance/mobility activities particularly effective.3 However, due to 
issues such as (but not limited to) physical limitations, lack of motivation and/or poor 
psychological health, older adults are often reluctant to participate in such programs.4,5 
Understanding how activities across the intensity spectrum, in particular, time spent 
sedentary, impact on physical function can help to inform complementary approaches to the 
maintenance of physical function throughout life.   
High sedentary time – or too much sitting – is detrimentally associated with poor metabolic 
health, cardiovascular disease, some cancers, and all-cause mortality.6,7 In older adults, these 
adverse associations may be particularly relevant given that this age group (60+ years) have 
the highest levels of sedentary time of any demographic, averaging 9.4 hours per day (60-
85% of their waking day).8 In addition to the enhanced risk for chronic diseases, there is now 
evidence emerging on the relationship of sedentary time with physical function. Studies 
indicate that high sedentary time is associated with poor function, particularly self-reported 
function, composite scores of performance-based function, and poor gait speed (as 
summarised in Chapter 2).  
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However, gaps within the literature relating to sedentary behaviour and physical function 
pertaining to issues of measurement, study design and study settings are evident. First, the 
vast majority of studies use self-reported sedentary time or a hip/wrist worn accelerometer to 
estimate sedentary time. Few studies to date use posture monitors that can accurately 
distinguish sitting or lying down from standing. This distinction is particularly important for 
older adults given that sitting and standing account for the majority of their day.8 Second, the 
vast majority studies are cross-sectional, precluding the investigation of causal and/or 
bidirectional relationships. Last, most studies are conducted in community-dwelling 
participants, with few investigating more clinical settings and/or elderly participants. It is in 
these oldest old (>80 years) that associations may be more pronounced and the potential for a 
health benefit even greater.  
This Thesis aims to address these limitations and investigate the associations of sedentary 
time with physical function in older adults (60+ years) across different settings (community-
dwelling and aged care), measurement methods (self-report and objective), and study designs 
(cross-sectional and longitudinal). Specifically, the objectives of this Thesis are to: 
• Systematically review the evidence on the associations of sedentary time with 
physical function in older adults (Chapter 2). 
• Investigate the cross-sectional associations of sedentary time with physical function in 
community-dwelling older adults using a posture-based monitor (Chapters 3 and 4). 
• Investigate the cross-sectional and longitudinal associations of sedentary time with 
physical function in the residential aged care setting (Chapter 5). 
• Investigate the longitudinal trajectories of sedentary time and their association with 
physical function in older adults (Chapter 6). 
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• Investigate the bi-directional relationship of sedentary time with physical function in 
older adults (Chapter 7).  
This Thesis consists of five studies, each reported in a manuscript that has been published in 
a peer-reviewed journal (Chapter 3 – 7). The studies use data from four different datasets, as 
overviewed in Table 1.1. While the published studies themselves investigate a broad range of 
activity variables and outcomes, the primary focus of this Thesis is the association of 
sedentary behaviour with overall physical function and estimates of functional status in older 
adults. These estimates include tests of muscle strength and power, balance, flexibility, 
endurance, and gait speed. Measures of disability and body composition, though closely 
related to and important for physical function, are not the main focus of this Thesis. 
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Table 1.1. Description of each original study design, sedentary behaviour measure, and physical function measure. 
 
Study 
Name 
Participant description Study design  
Sedentary behaviour 
measure 
 
Physical function 
measures 
  Cross-sectional Longitudinal Self-report Objective Self-report Objective 
AusDiab 
Community-dwelling adults aged 35 
to 80 years from the 2011-12 AusDiab 
survey.  
 
  
 
 
 
STEPS 
Community-dwelling older adults 
aged 60+ years recruited for a physical 
activity and diet intervention 
 
  
 
 
 
TRAJ 
Community-dwelling older adults 
aged 60+ years in the 2011-12 
AusDiab survey. Data from all three 
AusDiab surveys (99/00; 04/05; 
12/13) used. 
 
  
  
 
RAC Elderly adults from aged care homes in South East Queensland, Australia 
   
  
 
SEEF 
Community-dwelling older adults with 
a mean age of 69 years from a sub-
sample of a large prospective study of 
adults aged 45 years or more 
 
  
 
 
 
AusDiab: Australian, Diabetes, Obesity and Lifestyle study; STEPS: Senor’s Thinking, Exercise and Protein study; TRAJ; trajectories of TV 
viewing time study; RAC: Residential Aged Care study; SEEF: The Social, Economic, and Environmental Factor sub-study of adults aged 45 
years or more from New South Wales, Australia.  
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1.2 Structure of Thesis 
There are eight chapters in this Thesis. Chapters 3 to 7 include manuscripts of studies written or 
co-written by the candidate. All manuscripts were written to stand alone; therefore, some 
repetition is evident throughout this Thesis, particularly with the description of study methods. 
The candidate was the first author in four of the five manuscripts included (second author on the 
fifth manuscript), with a majority contribution to the research questions, analyses, interpretation 
of data and writing of each manuscript. Specific details on each authors’ role in the manuscripts 
can be found in the preliminary section, pages vi-x. Manuscripts are often restricted in length and 
therefore often lacking in expanded details on methods. They also often do not demonstrate the 
candidates understanding of key conceptual and methodological issues, or discuss how the study 
compares to the broader context of the Thesis and to previously published evidence. Thus, each 
chapter containing a publication includes a “top” and “tail” that address these issues.  
Chapter 2 describes the background and rationale for examining the association of sedentary 
time with physical function in older adults. This chapter addresses older adults as a target 
population, including their population projections, health status and burden of disease. The 
chapter then examines the definition, measurement methods, and health implications of poor 
physical function in older adults. Next, the definitions and measurement methods of sedentary 
time and its associations with health in older adults are discussed. This chapter concludes with a 
systematic review (unpublished) that summarizes published evidence on the associations of 
sedentary time with physical function in older adults 
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Chapter 3 reports on a study examining the association of objectively measured sitting time with 
muscle strength (knee extensor strength test) and function (timed up-and-go test) in adults and 
older adults. The study involved secondary analysis of data from 602 participants collected as 
part of the Australian Diabetes, Obesity and Lifestyle study (AusDiab), collected in 2011-12. 
Chapter 3 includes a manuscript titled “Associations of Monitor-Assessed Activity with 
Performance-Based Physical Function” published in PloS one in 2016. 
Building on this previous work, the study in Chapter 4 examines the associations of objectively 
measured sitting time with an array of function and other measures in 123 community-dwelling 
older men and women. While the main research question of this paper examines the association 
of sedentary time with muscle mass, strength and function, other measures, including sarcopenia 
and systemic inflammation, are also investigated. This study is based on primary data, part of 
which was collected by the Candidate, in conjunction with a larger intervention study in Victoria, 
Australia. The associated manuscript is titled “Association of sitting time and breaks in sitting 
with muscle mass, strength, function, and inflammation in community-dwelling older adults” and 
was published in the journal Osteoporosis International in 2018. 
Chapter 5 examines the association of sitting time with function cross-sectionally (n=102) and 
after an 18-month follow-up (n=58) in residential aged care residents. The associated manuscript, 
titled “The association of sitting time with sarcopenia status and physical performance at 
baseline and 18-month follow up in the residential aged care setting”, also uses primary data and 
was published in The Journal of Aging and Physical Activity in 2017.  
Chapter 1 
 
7 
 
The study presented in Chapter 6 examines 12 year trajectories of television (TV) viewing time 
with muscle strength (knee extensor strength test) and function (timed up-and-go test) in 1938 
community-dwelling adults aged 60 years or more at the end of the examination period. This 
study used the novel technique of group-based trajectory modelling to create meaningful 
trajectories of TV time. The study is based on secondary data from the 1999-00, 2004-05, and 
2011-12 AusDiab surveys. The associated manuscript, titled “Twelve-year television viewing 
time trajectories and physical function in older adults”, was published in Medicine and Science 
in Sports and Exercise in 2017.  
Lastly, the study in Chapter 7 examines the bi-directional association of self-reported sedentary 
time with self-reported physical function in 10,027 older adults from a large prospective study in 
Australian adults aged 45 years or more. The large sample size also facilitated the exploration of 
these associations in subgroups based on sex, age, body mass index (BMI), and functional 
limitations. The associated manuscript, titled “Sitting Time and Physical Function in Australian 
Retirees: An Analysis of Bidirectional Relationships”, was published in Journals of Gerontology 
Medical Sciences A in 2018. 
Chapter 8, the Discussion chapter, summarises the findings of the studies presented in the 
preceding chapters. The findings are considered in the context of the literature and systematic 
review presented in Chapter 2. Future directions for investigating the association of sedentary 
time with physical function are proposed, particularly relating to prospective and intervention 
studies and the need to examine dose-response relationships. Finally, the public health 
implications of too much sedentary time for physical function are discussed. 
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Table and figure numbers, as well as the referencing style and numbering within the published 
manuscripts has been preserved. Other references cited throughout that are not part of a 
published study are listed in the References section as the end of this Thesis. 
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CHAPTER 2 
Sedentary behaviour and physical function in older adults: 
Literature review 
This chapter describes the rationale for examining sedentary behaviour and physical function in 
older adults. The first section provides an overview of the importance of investigating older 
adults as a target population for improved health and quality of life. Definitions and 
measurement methods of physical function and sedentary behaviour are then discussed, and a 
systematic review of studies investigating their associations in older adults is included. This 
chapter concludes with a summary of the gaps in the literature and the resultant aims and 
objectives of this Thesis. 
2.1 Older adults as a target population 
While ageing is influenced by more than just biological age, the World Health Organization and 
other bodies around the world often define ‘older adults’ as those aged 609 or 65 years and over.2 
The following sections discuss the demographics, population projections and health status of 
older adults, including their burden of disease. In doing so, older adults are highlighted as a key 
target population for preventive health strategies. 
2.1.1 An ageing population: demographics and population projections 
Older adults are the fastest growing age group worldwide.2 They account for approximately 12% 
of the global population, with this figure expected to increase to 22% (2 billion) by 2050.2 In 
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Australia, older adults comprise approximately 15% (3.7 million) of the population and it is 
expected that there will be 9.6 million older adults in Australia by the year 2064.10 Rapid 
acceleration in population ageing is occurring in much of the world.2 For instance, in Australia 
there was a 3.3% increase in the number of older adults in the 12 months to 30 June 2016.11 
Figure 2.1 highlights the expected rapid growth of the older adult population in Australia.12 The 
increased percentage of older adults is predominantly attributed to increased life expectancy and 
decreasing fertility rates.2 
 
Figure 2.1. Population growth indices by age group in Australia.a 
2.1.2 Health status and burden of disease 
At the most fundamental level, ageing refers to the accumulation of molecular and cellular 
damage that is associated with multiple ailments, chronic conditions and eventually death.2 Older 
adults are most burdened by: falls; loss of hearing, sight, and the (in)ability to move around; and, 
non-communicable diseases including heart disease, stroke, cancer and dementia.2 Importantly, 
                                                 
a Source: The Treasury, Australian Government (2004). Australia’s Demographic Challenges. 
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older adults often experience many chronic conditions simultaneously (i.e., multimorbidity). In 
Australia, 49% of older adults report having at least five chronic conditions,13 and nearly 90% 
report at least one long-term health condition.14 While older adults are generally healthier now 
than in previous years,14 no significant changes in rates of low and moderate disability have 
occurred in the last 20 to 30 years.2  
The ageing population is one of four main trends (along with increases in non-communicable 
disease, shifts towards disabling causes and away from fatal causes, and changes in risk factors, 
particularly the influence of obesity) driving a change in the leading causes of disease burden.15 
The burden of disease and injury in Australia 2011 report, published in 2016, indicates that 
while older adults comprised 12% of the population at the time, they accounted for 
approximately 31% of the total burden of disease.16 Figure 2.2 represents the total burden of 
disease in 2011 in Australia by age group.16 
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Figure 2.2. Fatal and non-fatal composition of the total burden, by age, 2011b 
Further, falls and musculoskeletal conditions (e.g., osteoporosis) are in the top five leading 
causes of disability in Australia.15 In older adults, falls accounts for approximately 50% of the 
total injury burden15 and one in every 10 hospital days.17 Falls-related injury costs are projected 
to increase to $1375 million per annum by 2051.18 These injury costs, coupled with the high 
prevalence of disease and multimorbidity in this age group, results in a high use of health care 
and higher costs of health care compared to younger age groups. Importantly, it has been noted 
that a large proportion (at least 37%) of this burden is preventable through lifestyle 
                                                 
b Source: The Australian Institute of Health and Welfare (2016).  The burden of disease and injury in Australia 2011 
study. YLL: years of life lost; YLD: years of life lost due to disability; DALY: disability adjusted life years. 
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modification,16 with tobacco use, high body mass, alcohol use, high blood pressure and physical 
inactivity the leading lifestyle risk factors.16 Given these statistics, the health of older adults is a 
significant social and economic concern that has the potential to be positively modified.  
2.1.3 Importance of maintaining independence during ageing 
Maintaining independence during ageing, including the ability to remain living at home, has 
important social, physical and economic implications. The loss of this independence is associated 
with both decreased wellbeing and entry into aged care facilities.19 In Australia, aged care 
services include: residential aged care (aged care homes); transition (after-hospital) care; home 
care packages; and, short-term restorative care (access to health professionals over eight weeks). 
People can transition in and out of the various options depending on their health and other 
circumstances. While the majority of older adults (more than 90%) live independently at home,20 
the Australian Government still contributed over $17 billion to the aged care sector in the 2016-
17 financial year.21  The majority of this expenditure is dedicated towards residential aged care 
(approx. $12 billion), with community care services costing approximately $4.4 billion.21 Loss of 
physical function, resulting in an inability to perform activities of daily living, is a key 
contributor to older adults entering aged care facilities.19  
In summary, the rapidly ageing population worldwide, and the associated health issues that often 
occur with ageing, are important public health issues to address. Preserving physical health is 
critical to maintaining independence, and delaying the costs associated with aged care services. 
The next section provides more detail on physical function and its importance for good health in 
older adults.  
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2.2 Physical function in older adults 
Impaired physical function and poor musculoskeletal health (including sarcopenia) are some of 
the most prevalent sources of morbidity,2 especially in older age and for women22 with 50% of 
the older adult population experiencing at least one physical limitation from the age of 80 
years.23 This section defines physical function, discusses measurement methods, and describes 
the health implications of poor function.  
2.2.1 Definitions of physical function  
Physical function is conceptualised in many ways, with the World Health Organisation referring 
to it as an individual’s intrinsic capacity spanning both physical and mental capacities, relevant 
environmental characteristics and their interactions.2 Functional ability can also be 
conceptualised as a hierarchy, ranging from the ability to perform individual movement (e.g., 
walking, lifting items) to complex activities (e.g. maintaining occupational roles).24 As described 
in more detail in Section 2.2.2, common indicators of functional ability include upper and lower 
body strength, balance, flexibility, endurance and gait speed.  
Physical function can be influenced by numerous factors, including muscle health (i.e., loss of 
muscle mass), neuromuscular changes (e.g., motor unit declines), body composition, and chronic 
inflammation.25,26 Sarcopenia, which is the age-associated loss of skeletal muscle mass and 
reduced muscle strength and/or impaired muscle function, is also an important outcome in the 
older adult context.27 However, while important, these concepts are all unique areas of 
investigation in their own right and are beyond the scope of this Thesis. Specifically, this Thesis 
is limited to investigation of lower body functioning particularly relating to lower limb muscle 
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strength and power, as well as balance, flexibility, endurance, and gait speed (further detailed 
below, Section 2.2.2). These measures are often considered the building blocks of function.24  
2.2.2 Measurement of physical function 
Physical function is typically measured with self-reported questionnaires or via performance-
based tasks. Self-report measures of physical function are often used in large epidemiologic 
studies as they are easier to administer, less time consuming, low in participant burden,28 and 
cannot be influenced by observer bias.29 The most common self-report questionnaires of physical 
function include the SF-36 Quality of Life Health Survey and its variants (e.g., RAND-36, SF-
12).30 However, given self-report measures require the respondent to endorse their own 
functional difficulty or disability, they have historically been poor at identifying cases of minor 
limitation, or detecting small changes over time.31 Further, the majority of self-report 
questionnaires do not ask about coping strategies or environmental alterations to assist with the 
maintenance of independent functioning. Therefore, a person who has modified the way an 
activity is performed, uses assistive equipment (e.g., walkers) or help from others, or who avoids 
certain situations may not report being unable to perform the activities in question, leading to an 
inaccurate assessment.31 
Objective, performance-based measures of physical function are less susceptible or influenced by 
response bias, cognitive impairment, and expectation or beliefs compared to self-report 
measures. 31,32 Further, they are more sensitive to differences at the lower end of the disability 
spectrum31 and can examine lower body function more specifically. These tests can be used in 
combination to derive a composite measure of function. Common tests include gait speed, hand 
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grip strength, the timed up-and-go test (TUG), and others such as those included in the Short 
Physical Performance Battery (SPPB) or the Seniors’ Fitness Test (SFT). Common measures of 
physical function, both self-report and objective as well as composite scores, are detailed further 
in Table 2.1. These, and related tests, have been used throughout the studies in this Thesis. 
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Table 2.1. List of common physical function performance measures. 
Test Purpose Description Units measured Risk zone * 
Self-report measures     
SF-36 physical function 
subscale.33 Variations: RAND 
and MOS questionnaires, and 
SF-12 short-form. 
To examine a person’s perceived 
physical health status 
10 questions measuring difficulty in 
moderate and vigorous activities, 
lifting, climbing, bending, walking 
and bathing. 
Composite 
measure; range = 0-
100 
NA 
Late life function and 
disability instrument34 
Outcome instrument for 
community-dwelling older adults 
that assesses change in function and 
disability 
32 items addressing upper 
extremity, basic lower and 
advanced lower extremity function 
Composite 
measure; range = 0-
100 
Unknown 
Seniors Fitness Test35     
     30 sec sit-to-stand To assess lower body strength 
needed for numerous household and 
other activities. 
Number of full stands completed in 
30 seconds with arms folded across 
chest. 
Number performed Less than 8 
unassisted 
stands 
     Arm curl To assess upper body strength 
needed for household and other 
activities. 
Number of bicep curls completed in 
30 seconds with a 5 lbs (2.27kg) for 
women or 8 lbs (3.63kg) for men. 
Number performed Less than 11 
curls using 
correct form. 
     6 minute walk test To assess aerobic endurance 
important for walking distances. 
Numbers of meters walked in 6 
minutes around an approx. 45 meter 
course. 
Meters Less than 320 
meters (approx.) 
     2 minute step test Alternate aerobic endurance test for 
use when space limitations or 
weather prohibit taking the 6-
minute walk test. 
Number of full steps completed in 2 
minutes, raising each knee to a 
point midway between the kneecap 
and top hip bone. 
Number Less than 65 
steps. 
     Chair sit and reach To assess lower body flexibility 
important for good posture, normal 
gait and various mobility tasks. 
From a sitting position at front of 
chair with legs extended, reach 
hands toward toes, measuring the 
number of centimetres between 
Centimetres Men: -10 cm 
Women: -5 cm 
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extended fingers and tip of toe. 
     Back scratch To assess upper body flexibility 
important for activities of daily 
living. 
One hand reaching over the 
shoulder and one up the middle of 
the back, measuring the number of 
centimetres between extended 
middle fingers. 
Centimetres Men: -10 cm 
Women: -5 cm 
     8ft timed up-and-go test To assess agility/dynamic balance 
important for tasks that require 
quick manoeuvring. 
Number of seconds required to get 
up from a seated position, walk 8 ft. 
(2.44m), turn, walk back and sit 
down again. 
Seconds More than 9 
seconds. 
Short Physical Performance Battery36    
     Balance To assess ability to stand 
unsupported for 10 seconds with 
feet in a certain position 
Balance tests, standing side by side, 
semi-tandem, and tandem. Holding 
side by side and semi-tandem 
positions for 10 seconds  
Seconds N/A 
     Gait speed 3 or 4 m To assess usual walk speed Walking at usual pace, the 
participant walks 3 or 4 metres.  
Metres/second N/A 
     5 chair stands test To assess lower-body strength Participants required to stand up 
straight as quickly as possible to 
complete 5 chair stands, without 
stopping in between, and with arms 
folded across chest. 
Seconds N/A 
     Hand grip strength37 To examine grip strength 
 
Often using a hand held 
dynamometer, the participant 
squeezes their hand into a fist 
Kilograms Men: <37kg 
Women: <21kg 
     Knee extensor strength38 To examine quadriceps strength 
 
Often with knee at 900 the 
participant is required to push 
against a strap close to their ankle 
Kilograms N/A 
* Risk zone refers to a cut-off point below which someone is at higher risk of physical impairment.
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2.2.3 Descriptive epidemiology of poor physical function 
Impaired physical function is common in older age groups with 21%, 30%, and 49% of people 
aged 60-69, 70-79, and 80 years and older, respectively, reporting difficulty or inability to walk 
400 meters.23 More than half (56%) of all older adults over 65 years suffer some limitation 
lasting at least 6 months.39 A meta-analysis investigating normative gait speed across age 
observed that, for both men and women, gait slows by approximately 30 centimetres per 
second between the ages of 20-29 years and 80-99 years.40 In addition, a separate meta-analysis 
of seven studies observed a decline in hand grip strength (HGS) across age and between 
countries.41 Interestingly, this study found that HGS declines less dramatically in women 
compared to men. Importantly, there is consistent evidence in the literature indicating that both 
objectively assessed and self-reported physical function declines during ageing.42 Figure 2.3 
shows the findings of one study that has investigated this extensively. Here, it can be seen that 
performance on gait speed, TUG time, sit-stand test time, and knee extensor and flexor 
performance steadily declines across age.42  
The age at which physical function declines is not consistent across all domains of functioning. 
That is, the age at which declines in muscle strength occur compared with declines in gait 
speed or balance occurs, varies, although the exact timing of these changes is unclear from the 
literature.43 A 10-year longitudinal study conducted in a sample of older men and women from 
Sweden (n = 206 women; 152 men, age range 60.8 – 81.8 years at follow up) aimed to address 
these inconsistencies.43 The study examined forearm bone mineral density, grip strength, 
balance and gait speed over the 10-year period. It was observed that grip strength begins to 
decline earliest in the ageing process (from 50 years), while the greatest deterioration in 
balance and gait speed occurs from 60 and 70 years, respectively. Nevertheless, few studies 
have examined physical function across the adult lifespan, and nuances in the timing of these 
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changes (e.g., upper versus lower body strength) are still unknown. This information is 
important in determining what measures are best to use to ascertain physical function in 
particular age groups. 
 
Figure 2.3. Relationships (r) between age and the objective outcomes studied. For 
completeness graphs are presented with outliers.c 
                                                 
c Reprinted with permission from Alcock L, O'Brien TD, Vanicek N. Age-related changes in physical 
functioning: correlates between objective and self-reported outcomes. Physiotherapy. 2015 Jun;101(2):204-13. 
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2.2.4 Correlates of poor physical function 
The correlates of poor physical function are important to investigate as they can help identify 
modifiable risk factors that can be targeted in interventions to improve function. Previous 
studies have observed that low physical activity, poor diet, being obese, high alcohol 
consumption, and smoking are association with poor physical function.44 Others have also 
found that higher bodily pain, depression, and higher number of prescription medications are 
associated with poor function.45  
2.2.5 Health consequences of impaired function 
Even small reductions in physical function can lead to lower independence, higher financial 
burden, increased risk of disability, falls, fractures and depression, and higher caregiver 
burden.17,23,46-49 One of the most serious consequences of impaired physical function is the 
increased risk of falls and resultant fractures. Evidence shows that approximately 25% of 
people die within one year after a hip fracture,28 more than 40% lose the ability to walk outside 
freely, and the proportion of patients able to walk without an aid at any time drops from 76% to 
36%.50 Importantly, even relatively small changes in measures of physical function are 
clinically meaningful. For example, a 0.1 m/s improvement in gait speed after a hip fracture 
represents a meaningful change.32 These findings demonstrate the need to focus on the 
prevention of loss of physical function as a primary step in maintaining the independence of 
older adults. As such, the Australian Government has recognised injury prevention and control, 
with a specific focus on falls prevention, as one of nine national health priority areas (NHPA’s) 
that contribute the largest cost burden. Other NHPA’s include dementia, obesity, arthritis and 
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musculoskeletal conditions, asthma, diabetes, mental health, cardiovascular health, and cancer 
control.51 
2.2.6 Summary 
In conclusion, maintaining physical function throughout the ageing process is important for 
older adults’ quality of life and independence. It is also important for delaying and/or limiting 
entry into long-term aged care. While the importance of physical activity in this process is 
established,52 new work suggests that sedentary behaviour may also play a key role. Section 
2.3 discusses this in further detail. 
2.3 Sedentary behaviour 
This section provides a definition of sedentary behaviour and a framework for investigating it. 
In addition, measurement methods and the health implications of too much sedentary time are 
discussed.  
2.3.1 Definition of sedentary behaviour 
The Sedentary Behaviour Research Network released a consensus statement defining sedentary 
behaviour as waking activity characterized by an energy expenditure ≤ 1.5 metabolic 
equivalents (METs) while in a sitting, reclining, or lying posture.53 Prior to this, research often 
operationalised sedentary behaviour as “physical inactivity”.54 However, the emergence of 
evidence on the unique and detrimental effects of sedentary time has led to the refinement of 
this definition. Common activities classed as sedentary include television (TV) viewing and 
computer use,54 eating, and driving.55 TV viewing is not only the largest contributor to adults’ 
leisure sedentary time,56 it may also be more detrimental than other sedentary activities, such as 
reading, playing board games, writing, and socializing57 (hypothesised to be due to increased 
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snacking behaviour and weight gain).57,58 Because of the seated nature of the behaviour, 
‘sitting time’ is often used as an alternative and interchangeable term for sedentary behaviour. 
Additionally, prolonged sitting is often defined as sitting time accrued in uninterrupted bouts of 
≥ 30 minutes, while a ‘postural transition’ is the term used to define the behaviour of going 
from a sitting to a standing, or a standing to sitting position.59 These definitions are used 
throughout this Thesis. Much like a consistent definition of the behaviour was necessary, so is 
a framework for investigating it. This framework is explained below. 
2.3.2 Framework for investigating sedentary behaviour  
An epidemiological framework for investigating sedentary behaviour has been developed and 
is described in Figure 2.4 below.60 The phases of this model are not linear, with each phase 
informing the others and creating feedback loops for future evidence. While Phase I of the 
framework (identifying relationships of sedentary behaviour with health outcomes) has 
received the most amount of research in the general population, the evidence specifically for 
older adults is less established.61 Four studies in this Thesis involve the investigation of Phases 
I and II of this behavioural epidemiological framework. The research objectives of this thesis 
are mapped to this framework (see section 2.6) and further discussed in Chapter 8. 
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Figure 2.4. Behavioural epidemiology framework: phases of evidence for a population health 
science of sedentary behaviour. d 
 
2.3.3 Sedentary behaviour measurement 
Sedentary behaviour is typically measured using self-report questionnaires, and/or body-worn 
monitors that objectively measure posture and/or movement. As with physical function 
measures, both of these methods have their advantages and disadvantages.  
 Self-report questionnaires can capture either a global measure of sedentary time (e.g., overall 
sitting across work and leisure time) and/or time spent in a specific domain or behaviour (e.g., 
TV viewing time, computer use).62 Some of the more common questionnaires used to capture 
self-reported sedentary time in older adults include the International Physical Activity 
                                                 
d Reprinted with permission from: Owen N, Healy GN, Matthews CE, and Dunstan DW. (2010). Too much 
sitting: the population health science of sedentary behavior. Exerc Sport Sci Rev. 38(3): p. 105-113.  
 I) Identifying relationships of sedentary behaviour with health outcomes 
 II) Measuring sedentary behaviour 
III) Characterising the prevalence and variations of sedentary behaviour in populations 
iv) Identifying the determinants of sedentary behaviour 
v) Developing and testing interventions to influence sedentary behaviour 
 vi) Using the relevant evidence to inform public health guidelines and policy 
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Questionnaire (IPAQ)63 and the Community Healthy Activities Model Program for Seniors 
(CHAMPS).64 An important note is that self-reported sitting time tends to be lower when 
assessed with a single item compared with those that examine multiple domains of sitting to 
derive a composite measure.65 Due to their low cost, low reactivity, and ability to provide 
valuable contextual information, questionnaires are still the most widely used measure of 
sedentary time in population based studies.62,65 However, they are limited by recall bias, 
reporting errors, and validity and reliability issues in some cases.29,66  
The increasing use and affordability of device-based measurement with body-worn monitors 
has allowed researchers to overcome many of these limitations. These monitors can directly 
measure movement and/or posture,67 and can be worn for prolonged periods (i.e., 7+ days).68 
They can also examine the frequency, intensity and duration of activity,69 including activities 
in the low end of the intensity spectrum, such as sitting and standing, and postural transitions 
between them. Such activities are often incidental, non-routine, and difficult to recall 
accurately, and thus are difficult to capture via self-report.70  
Activity monitors are being increasingly used in large, population-based studies, including the 
UK Biobank and the US National Health and Nutrition Examination Survey (NHANES).71 The 
majority of monitors used in these studies were worn on the hip or the wrist,71 and most infer 
sedentary time through lack of movement.62 That is, they do not directly measure sitting, lying 
or reclining postures.62 Further, bouts of standing (a light intensity activity) can result in similar 
movement data to sitting, leading to a possible overestimation of sedentary time.72 Activity 
monitors worn on the thigh are typically more accurate in detecting sedentary time compared to 
monitors worn on the hip, waist or wrist.65 One of the more common monitors worn on the 
thigh is the activPAL3TM.73 This is a thigh mounted tri-axial accelerometer that derives 
information on the wearers’ thigh position and acceleration using proprietary algorithms.73 The 
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activPAL3 has almost perfect correlation with direct observation for sitting/lying time, upright 
time, sitting/lying to upright transitions and for detecting reductions in sitting.74 As such, this 
monitor is often referred to as the gold standard for field-based measurement of sedentary 
time.73 This monitor is used in two studies in this Thesis (Chapters 3 and 4). 
2.3.4 Sedentary behavior and health in older adults 
The following section details the average daily sitting time of adults across age-groups and 
settings (e.g., community and aged care), discusses the correlates of sedentary behaviour, and 
describes the broader health implications of too much sitting time.  
Descriptive epidemiology of sedentary behaviour  
The recent and widespread use of activity monitors has enabled insights into the variation in 
sedentary behaviour within and across populations. However, the use of different monitors 
across studies, as well as varying age groups in which these measures have been taken, makes 
it difficult to accurately compare findings. In general, studies report that sedentary time 
constitutes approximately half (50-60%) of adults’ waking day on average.60,75-77 As people 
age, their daily sedentary time tends to increase, while time spent in higher intensity activities 
declines.78 A recent review determined that older adults spend approximately 9.4 hours/day 
sedentary, or 65-80% of their waking day (measured with activity monitors).8 This review also 
noted that participants self-reported sitting for an average of 5.3 hours/day, indicating a large 
discrepancy between the two measurement methods.  
There are also large discrepancies in sitting time between older adults in the community and 
those across higher care settings. One study noted that activPAL3 measured sitting time was 
lowest in a small sample of community dwelling older adults, followed by those in day-
hospitals and highest in those in the hospital ward.79 Compared to those living in the 
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community, older adults in the hospital ward were sedentary for an additional five hours/day.79 
Other studies have observed that both self-reported and objectively measured sedentary time in 
residential aged care (RAC) residents is approximately 12.5 hours/day.80,81 This increased 
sedentary time, in conjunction with the risk of comorbidities and the already high cost of aged 
care (see Section 2.1.3), indicates that RAC residents are a sub-population of the wider 
community that are particularly important to investigate.  
Correlates of sedentary behaviour 
In recent years, research investigating the correlates of sedentary behaviour has intensified, 
with a systematic review of these correlates of sedentary behaviour in older adults identifying 
22 relevant studies.82 In this review, 14 included studies were based on self-reported sedentary 
behaviour, five used a hip or wrist worn accelerometer, and three used an activPAL3 monitor. 
Significant correlates of high levels of sedentary behaviour included older age, entering 
retirement, obesity, and poor health status.82 Interpersonal and environmental factors are 
understudied in this age group; however, available studies suggest that loneliness or living 
alone, proximity of green spaces, type of dwelling (e.g., apartment/duplex vs. house), and lack 
of resting places are also associated with sedentary behaviour in older adults.82  
Associations of sedentary behaviour with health 
Despite evidence in the early 1950s linking sedentary occupations to poor health,83 it is only in 
the last decade or so that the implications of sedentary behaviour for health and wellbeing 
started to receive more widespread attention. In the overall population of adults (18+ years), 
those in the highest group of sedentary time, regardless of whether it was measured as TV 
viewing time, overall sitting time, or travel by car, were found to have twice the risk of 
developing diabetes and cardiovascular disease (CVD) or dying from CVD.84,85 Excessive 
sitting time has also been associated with all-cause, cardiovascular and cancer-specific 
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mortality,6,7 elevated risk of overweight and obesity, symptomatic gallstone disease, mental 
disorders, and markers of cardiometabolic health and the metabolic syndrome.84,86 Notably, 
many of these associations are observed even after accounting for time spent in moderate-to-
vigorous physical activity (MVPA).  
Specifically in older adults, a 2014 review examined 24 studies (16 cross-sectional, 6 
prospective, 1 case-control) investigating the association of sedentary behaviour with health 
outcomes.87 This review found strong evidence for an association of high levels of sedentary 
time with all-cause mortality, and moderate associations with metabolic syndrome, waist 
circumference, and overweight/obesity.87 In contrast, associations of sedentary behaviour with 
mental health indicators and falls in older adults were inconclusive.87 It is important to note 
that some sedentary behaviour is required for restorative purposes, and as noted previously, it 
has been suggested that some sedentary activities (e.g. puzzles, reading, social activities) have 
cognitive benefits that may outweigh any physiological costs.88 Other studies have found that a 
high level of self-reported sedentary behaviour is significantly associated with lower odds of 
successful ageing, even after statistical adjustment for MVPA.89 A life-course approach to 
sedentary behaviour is important to investigate, as the accumulation of sitting over a lifetime 
may have additional health risks not yet uncovered. 
Associations of sedentary behaviour with various measures of physical function have also been 
observed. While a recent review briefly examined some of these associations,88 they are 
discussed in detail in Section 2.4 below.  
Prolonged sedentary behaviour and health 
Investigations into accumulation patterns of sedentary time (i.e., not just the total time 
sedentary but how it is accrued) have found that prolonged unbroken bouts of sitting are 
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particularly detrimental for health.90,91 Conversely, regularly interrupting sedentary time has 
been beneficially associated with cardio-metabolic outcomes in both general adult and high-
risk (type 2 diabetes) populations.92,93 One physiological explanation for this finding may be 
related to muscle contractions. While there is minimal difference between sitting (1 MET) and 
standing still (1.2 METs) in terms of energy expenditure,94 there are over double the amount of 
muscle contractions occurring in the large postural muscles of the legs and back when standing 
compared to sitting.95 Transitioning from sitting to standing results in even larger muscular 
contractions and bursts of energy expenditure.95,96 Research detailing sedentary physiology is 
further discussed in Section 2.4 below. 
2.3.5 Summary  
Older adults are the most sedentary and least physically active age group.65,75 In addition, more 
than one third of older adults’ sedentary time is screen time (e.g., TV viewing, computer use),97 
which has been associated with other negative health behaviours, including snacking.58 
Coupled with the possible underreporting of sedentary behaviour,8 negative health outcomes 
may be even more pervasive in this population segment than previously hypothesised. While 
this places older adults at the greatest risk of the negative health consequences of sedentary 
behaviour, they also stand to benefit from alterations to this activity profile. Section 2.3.3 
provided an overview of sedentary behaviour and its association with health more broadly.  
Section 2.4 discusses in depth the association of sedentary behaviour with physical function in 
older adults. 
2.4 Sedentary behaviour and physical function in older adults 
This section presents the literature on the association of sedentary time with physical function 
in older adults. While the methods and results follow the procedures of a systematic review, it 
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is not a published manuscript. Some of the Candidate’s studies would have met the inclusion 
criteria for this review due to the search being updated prior to Thesis submission. However, 
they are discussed separately in subsequent chapters in order to clearly indicate the gaps that 
these studies address. 
This section first discusses the context of this review, including contributions by other authors. 
Section 2.4.2 then describes the methods and inclusion criteria for the studies. Section 2.4.3 
synthesises the results of the review and Section 2.4.4 suggests a framework for the association 
of sedentary time with physical function. This section concludes with a brief summary of the 
key findings.  
2.4.1 Context of the review 
The Candidate was invited to lead this review in early 2017 by its original authors. It is 
intended that the information contained in this section will form part of a larger systematic 
review and meta-analysis that will be submitted for publication in the future. The manuscript 
for publication will examine associations of sedentary behavior with physical function in all 
adults aged 18 years or more, whereas the studies reported in this section are limited to older 
adults only (see Section 2.4.2 for more detail on inclusion criteria). The published manuscript 
will adhere to all PRISMA guidelines.98 While this is currently not a published manuscript, it is 
important to acknowledge the contribution of others in its design and development, as follows: 
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Table 2.2. Breakdown of co-author contributions to the development of the systematic review 
presented in Chapter 2. 
Contributor Statement of contribution 
Reid, N (Candidate) Conception and design (40%) 
Analysis and interpretation (90%) 
Drafting and production (90%) 
Lynch, BM Conception and design (5%) 
Analysis and interpretation (0%) 
Drafting and production (0%) 
Rosenberg DE Conception and design (5%) 
Analysis and interpretation (0%) 
Drafting and production (0%) 
Johnson ST Conception and design (5%) 
Analysis and interpretation (0%) 
Drafting and production (0%) 
Vallance JK Conception and design (10%) 
Analysis and interpretation (0%) 
Drafting and production (0%) 
Gardiner PA Conception and design (35%) 
Analysis and interpretation (10%) 
Drafting and production (10%) 
 
2.4.2 Systematic review: methods  
Literature search 
The databases PubMed, EMBASE, and CINAHL were initially searched in January 2017 for 
studies related to sedentary behaviour and physical function. This search was then updated 
prior to Thesis submission on 9th January, 2018. Searches were conducted using groups of 
thesaurus terms and free terms (full search for all databases, except for EMBASE, which was 
searched from 1980). Full details of the search terms used for the PubMed database are 
contained in Appendix 2A. This resulted in 633 peer-reviewed publications. Additional articles 
were identified by manually searching the candidates’ literature databases, checking the 
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reference lists of included papers and conducting forward citation searches of included papers 
in Web of Science.  
Inclusion criteria and selection procedure 
To be included in the review, studies must have: (1) focused on older adults (i.e., minimum of 
60 years old at baseline [for cross-sectional studies] or follow-up [for longitudinal studies]); (2) 
measured sedentary behaviour; (3) measured physical function; and, (4) examined the 
associations of sedentary behaviour with physical function. Both self-reported and objectively-
assessed measures of sedentary behaviour were included. Due to the broad scope that physical 
function entails, measures included in this review were restricted to those that measure either 
self-reported function, composite scores of performance-based function, or individual measures 
assessing strength, balance, gait speed, flexibility and endurance (as discussed in Section 
2.2.1). Studies investigating other clinically important end-points in geriatric health (e.g., 
frailty, sarcopenia, activities of daily living and mobility disability), while important in the 
overall literature, were beyond the scope of this review and this Thesis and were not included. 
Only articles written in English and available in full-text (hard copy or electronic copy) were 
checked for eligibility. Only manuscripts with cross-sectional and/or prospective study designs 
were included (intervention studies were not considered here). 
The study selection process is shown in Figure 2.5. The initial search was not limited to older 
adults, but rather included all adults aged 18 years or more. This search identified 633 
publications of which 163 were excluded as duplicates (n = 119) or for relating specifically to 
children or adolescents (n = 44). The titles and abstracts of the remaining papers were then 
examined to exclude articles out of scope, resulting in 39 remaining publications screened in 
full text. A final sample of 27 papers from the search met the inclusion criteria, with the most 
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common reason for exclusion being that the study did not include a measure of physical 
function consistent with the criteria in this study (n=4). A further 28 studies were added from 
forward citation searchers (n=14), reference list searches (n=10), and from the candidates’ 
endnote library (n=4), resulting in a total of 55 studies. Lastly, and as noted previously, studies 
were included in this Thesis if: 1) participants were aged 60 years or more in cross-sectional 
studies, or 2) participants in longitudinal studies were aged 60 years or more at the follow-up 
assessment. This resulted in a final sample of 28 studies (see Figure 2.5). 
Data extraction and quality assessment 
Data on the study population, measure(s) of sedentary behaviour and physical function, 
analyses, and results were extracted for each paper. The candidate assessed the methodological 
quality of the included studies using a quality rating list based on checklists for the reporting of 
observational studies and a list used for quality rating.99 This quality rating list consisted of 15 
criteria assessing different methodologic aspects (Appendix 2B). Criteria had a yes (1 point); 
no (0 points); or unclear (0 points) answer format. All criteria had the same weight, and a 
quality score ranging from 0 to 15 points was calculated for each study.  
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Figure 2.5. Study selection process for the findings reported in this Thesis 
2.4.2 Systematic review: evidence synthesis 
Description of studies 
Quality ratings of the included studies are shown in full in Appendix 2C. Ratings for papers 
ranged from 3/15100 to 14/15101,102. The median (25th – 75th percentiles) quality score was 12 
(10-12). A total of 28 studies with 85,170 participants were included in this review; six of the 
studies had sample sizes smaller than 50 participants103-108 with two studies having over 5,000 
633 publications identified 
through database search 
470 publication 
39 publications 
27 publications 
55 publications 
28 publications 
Excluded (n=163) 
 Duplicates (n=119) 
 Specific to children or adolescents 
(n=44) 
Excluded (n=431) 
 Title and/or abstract screened 
Excluded (n=12): Full test screened 
 No measure of PF (n=4) 
 No measure of SB (n=2) 
 No association of SB and PF (n=2) 
 Abstract only (n=3) 
 Intervention study (n=1) 
Publications added through: 
 Forward citation (n=14) 
 Reference list searches 
(n=10) 
 Candidates database 
(n=4) 
Excluded (n=27) 
 Did not focus on older adults 
specifically 
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participants;109,110 one study contributed 70% of the participants.109 Most studies were 
conducted in community-dwelling samples (n=22) with the remainder in aged care 
participants,81,106,111,112 and clinical populations, including those with peripheral arterial 
disease,113 lumbar spinal stenonis,108 and those at risk of mobility disability.114 Seven of the 
studies were longitudinal (25%)109,110,113,115-118 with follow-up times ranging from four113 to 12 
years.109 The remaining studies were cross-sectional (n=21; 75%). 
Of the papers included, 10 used self-report measures of sedentary 
behaviour,81,100,103,109,110,113,115,116,119,120 15 used activity monitors to assess sedentary 
time,101,102,104-106,108,112,117,121-127 and three used both.111,114,128 Eleven different objective devices 
were used to assess sedentary behaviour, of which four were a posture monitor (used in three 
studies [10%]).104-106 The specific sedentary behaviours examined were overall sitting time, 
television viewing time, internet use and screen time. Physical function was examined in terms 
of overall self-reported function, objectively assessed overall function, and also as upper and 
lower body strength, balance, flexibility, endurance and gait speed. Studies were 
predominantly conducted with participant from Caucasian countries (n=20), with some from 
Latino (n=5) and Asian (n=3) ethnicities.  
Overview of findings 
Figure 2.6 shows a graphical representation of the studies in this review grouped under 
individual tests or groups of similar tests.  
Overall findings 
Overall, sedentary behaviour was significantly associated with at least one measure of physical 
function in 17 of 28 studies (60%; see Figure 2.6). Associations were more likely observed in 
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clinical populations (5 out of 7 studies; 71%)81,106,111-113 compared with community-dwelling 
samples (11 out of 21 studies; 52%).101,102,109,110,117,118,122-124,126,128 All seven longitudinal 
studies found a detrimental association of sedentary time with physical function; i.e., more 
sedentary time was associated with poorer physical function.109,110,113,115-118 Appendix 2D 
includes a full description and results of all included studies. The associations with the specific 
tests are described in more detail below.
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   Number of studies 
   1 2 3 4 5 6 7 8 
           
Overall self-reported 
physical function 
SR Author Balboa-Castillo a Peeters a Seguin a Bayan-bravo a ^ Rosenberg e    
N sample 1097 100 61609 2388 307    
          
Obj Author Rosenberg Gennuso Pryce Withal     
N sample 307 44 33 228     
           
Overall performance-
based physical function 
SR Author Rosenberg e        
 N sample 307        
          
Obj Author Santos Davis Sardinha Jantunen Gennuso Leung Rosenberg  
  N sample 312 217 215 695 44 114 307  
           
Timed up and Go Test SR Author Gianoudis b        
 N sample 162        
          
Obj Author Santos Ikezoe Leung Yasunaga Cooper    
  N sample 312 19 114 287 1727    
           
Lower body strength SR Author Gianoudis c Suwa       
N sample 162 215       
          
Obj Author Ikezoe Foong Chastin d      
N sample 19 636 30      
           
5 chair stands test & 30 
second sit-to-stand test 
SR Author Ceria-Ulep Confortin Rosenberg e Gianoudis*     
N sample 47 270 307 162     
          
Obj Author Davis Keevil Rosenberg  Jantunen* Santos* Cooper Ikezoe Gennuso 
N sample 217 4015 307 695 312 1727 19 44 
           
Gait speed SR Author Keogh McDermott a Keevil a Ceria-Ulep Gennuso Rosenberg e   
 N sample 102 384 5624 47 44 307   
           
 Obj Author Ikezoe Davis Leung Rosenberg Yasunaga Song a f   
 N sample 19 217 114 307 287 1333   
           
Upper body strength SR Author Bann Ceria-Ulep Confortin Dogra Keevil    
N sample 1635 47 270 593 5624    
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Obj Author Cooper Santos Jantunen Dogra d Bann Gennuso Yasunaga  
N sample 1727 312 695 593 1635 44 287  
           
Balance SR Author Gianoudis Rosenberg e       
N sample 162 307       
          
Obj Author Davis Ikezoe Rosenberg Cooper Gennuso Yasunaga   
N sample 217 19 307 1727 44 287   
           
6 minute walk test SR Author McDermott a        
N sample 384        
          
Obj Author Jantunen Santos g       
N sample 695 312       
           
Flexibility 
Back scratch and Sit and 
Reach tests 
SR Author Dogra        
N sample 593        
          
Obj Author Dogra Ikezoe Jantunen Santos h     
N sample 593 19 695 312     
           
400 metre walk test SR Author Rosenberg i        
N sample 307        
          
Obj Author Rosenberg Gennuso       
N sample 307 44       
a Longitudinal study; b Conducted with a dual-task; c Measured as muscle strength (kg) and power (watts); d in men only e  Self-reported (SR) sitting time or TV time; f 
reported as a positive hazard ratio; g results attenuated when MVPA added to the model; h deleteriously associated with sit and reach test in model excluding MVPA; i 
Association was negative with TV time as exposure, NS for self-reported total sitting time; Red shading: sedentary behaviour and outcomes are detrimentally associated, 
meaning poorer performance; Green shading = sedentary behaviour and outcome are positively associatively; No shading: association of sedentary behaviour with physical 
function was not statistically significant.* refers to studies using 30 second sit-to-stand test.^ only significantly associated in short term follow up (~2 years), not long term 
follow up (~9 years).  
 
Figure 2.6. Overview of study designs, sample sizes, and findings based on adjusted analysis within each study included in the figure. 
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The following sections describe the studies in the categories in the figure in greater detail. 
Association of sedentary behaviour with overall self-reported physical function 
Overall, there is some evidence of a deleterious association of sedentary behaviour with overall 
self-reported physical function, with four of the eight studies that measured this finding a negative 
association.109-111,115 One study used both self-reported and objectively-assessed sedentary time and 
found that while associations were negative and statistically significant with the objective measure, 
they were not statistically significant when sedentary time was self-reported (although they were 
still negative).111 
Association of sedentary behaviour with overall performance-based physical function 
There is consistent evidence of an association of sedentary behaviour with overall performance-
based physical function, with all seven studies reporting a deleterious association.102,105,111,112,122-124 
In the Rosenberg et al (2016) study, significant associations were only observed when objectively 
assessed sedentary time was used; other associations were non-significant.  
Association of sedentary behaviour with the Timed Up and Go (TUG) test 
Five of six studies observed a detrimental association of sedentary behaviour with TUG 
performance, indicating strong evidence for this association.101,106,112,123,126 All five of these studies 
measured sedentary time using an activity monitor. In the study by Santos and colleagues,123 which 
involved community-dwelling older adults (mean age = 74.3 years), associations remained 
statistically significant after the inclusion of physical activity into the model. 
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Association of sedentary behaviour with lower-body function 
A total of 15 studies reported associations of sedentary behaviour with various measures of lower-
body function. Lower body function was assessed with measures of knee extensor strength (kg);120 
,121 force (Nm);106 and power (watts);104,120 the five chair stands test;101-103,105,106,111,119,127 the 30 
second sit-to-stand test;120,122,123 the timed stair climb test;120 and, toe flexor strength.100 Most 
studies investigated more than one lower-body function measure. Findings were mixed, and in part 
dependent on the measures used to assess lower-body function.  
There is very limited evidence that sedentary behaviour is associated with lower-body function as 
measured by the knee extensor test, regardless of how it was operationalized (e.g., weight, force, or 
power). Of the five studies examining this relationship, only one study observed a deleterious 
association,106 while one observed a positive association in men.104 There is some evidence of an 
association of sedentary behaviour with lower-body functional performance measured by the five 
chair stands test, where three of seven studies observed a deleterious association.102,111,127 In the 
study by Rosenberg et al (2016), associations were again statistically significant when sedentary 
behaviour was measured with an accelerometer, but failed to reach significance with self-reported 
sedentary time, although the effect sizes were still negative.111 Two of three studies observed a 
deleterious association of sedentary time with lower-body function using the 30-second sit-to-stand 
test,122,123 while associations with the timed stair climb120 and toe flexor strength100 were not 
statistically significant. 
Associations of sedentary behaviour with gait speed 
There is strong evidence for an association of sedentary behaviour with gait speed, with nine of 
eleven studies observing a deleterious association.81,102,106,111-113,117,126,127 All studies measuring 
sedentary behaviour with an activity monitor found a deleterious association. Conversely, only half 
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of studies where sedentary behaviour was self-reported observed a significant and detrimental 
association,81,113,118 while others were not statistically significant.103,105,111  
Associations of sedentary behaviour with other function measures 
There is limited evidence for an association of sedentary behaviour with upper body strength, with 
three of 11 studies observing a deleterious association.101,123,127 There was some evidence for an 
association of sedentary behaviour with balance, with three of seven studies observing a negative 
association.102,106,111 There is consistent evidence on the association of sedentary behaviour with 
endurance as measured by the six-minute walk test. All three studies observed a deleterious 
association,113,122,123 although results were attenuated and no longer statistically significant with the 
inclusion of physical activity into the model in one study.123 Four studies investigated the 
association of sedentary behaviour with either upper or lower-body flexibility, but none of these 
observed a statistically significant association. Similarly, one of two studies investigating the 
association of sedentary behaviour with the 400-metre walk test observed a deleterious 
association.111 
2.4.2 Summary of findings from the systematic review 
Overall, the strongest cross-sectional associations were found with composite measures of 
performance-based physical function (such as the SPPB and SFT), as well as TUG and gait speed 
tests. Some evidence was observed for an association with upper-body strength, balance, and 
endurance. In addition, studies examining the association of sedentary behaviour with physical 
function were more likely to observe an association when sedentary behaviour was measured with 
an activity monitor compared to self-report. This is exemplified in studies that investigate both self-
reported and objectively measured sitting – associations were observed with objectively assessed 
sedentary time, but not with self-reported sedentary time within the same group of people and the 
same outcome measures.111,128. Longitudinal studies consistently observe that sedentary behaviour 
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is associated with physical function in later life. However, the number of studies is small (n=7), and 
they have all used either self-reported sedentary behaviour or physical function for their measures, 
or both. There is a need for longitudinal studies that use objective measures of these exposures and 
outcomes. Additional gaps in the literature include the small number of studies investigating: older 
adults in aged care; longitudinal and bi-directional associations; and posture-monitor assessed 
sedentary time. These gaps are broadly consistent with a recent international consensus statement 
on research priorities for sedentary time in older men and women.61 The next section discusses 
potential bio-psycho-social mechanisms underpinning this variation in associations observed 
between sedentary behaviour and physical function in older adults.  
2.4.3 Mechanisms underpinning the association of sedentary behaviour with physical 
function 
The pathophysiology of sedentary behaviour varies for cardio-metabolic, vascular, muscle-tendon 
and skeletal systems.129 These are further influenced by age-related declines in these systems.  From 
a musculoskeletal perspective, ageing is related to muscle strength and function loss, as well as 
declines in bone mass potentially leading to osteoporosis.2 Articular cartilage also undergoes 
structural and mechanical changes with ageing, resulting in tissue degeneration, fluid loss and 
ultimately, fragile and rigid joints and osteoarthritis in some people.130 It is argued that sedentary 
behaviour may accelerate these age related changes. Specifically, it has been hypothesised that 
sedentary behaviour may rapidly increase bone resorption without the concurrent changes in bone 
formation, which may lead to a loss in bone density.131 Further, continual underuse of muscles due 
to reduced contractile activity during sitting95 can lead to muscle atrophy and tendon compliance.129 
Lastly, sedentary behaviour has been associated with overweight and obesity in a number of 
studies.132,133 Activities such as sitting, standing and moving are interdependent, such that time 
spent sedentary displaces time in higher-intensity activities.134 This phenomenon leads to an overall 
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reduction in energy expenditure and, potentially, higher rates of obesity.133 In addition, obesity has 
been shown to lead to higher sitting time, perpetuating this negative cycle.135 Adipose tissue 
produces pro-inflammatory cytokines with subsequent negative impacts on muscle protein 
synthesis,120 and other conditions, such as bone loss.136 The figure below is a graphical 
representation, developed by the candidate and some co-authors of the upcoming systematic review 
manuscript, of these interacting and cyclic relationships. Importantly, it shows the various bio-
psycho-social influences on this association, including areas of potential intervention at all levels. 
 
 
 
 
 
 
 
 
Figure 2.7. Potential mechanisms underpinning the association of sedentary behaviour and physical 
function.e 
                                                 
e Created in conjunction with, and used with the permission of, A/Prof. Brigid Lynch and Dr Dori 
Rosenberg. 
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2.5 Summary and conclusions 
This chapter has demonstrated that there is an imperative to focus on maintaining and/or improving 
physical function in older adults, with sedentary behaviour identified as a key modifiable behaviour 
relevant to influencing function. However, it has also been highlighted that this field of research is 
still developing, with evident knowledge gaps as described in Section 2.4 above. In particular, there 
is limited evidence regarding: associations of sedentary behaviour with physical function using a 
posture-based monitor, particularly in population based samples; associations of sedentary 
behaviour with function of older adults in high-risk settings, such as aged care; longitudinal patterns 
of sedentary behaviour and their associations with function; and lastly, the possible bi-directional 
association of sedentary behaviour with physical function.  
2.6 Research aims and objectives 
The overall aim of this thesis is to achieve a comprehensive and integrated understanding of the 
associations of sedentary behaviour with physical function in older adults. As mentioned in Chapter 
1, and in line with the research gaps outlined above, this Thesis will investigate these associations in 
older adults across settings (community and residential aged care), measurement methods (self-
report and objective), and study designs (cross-sectional and longitudinal).  
Specifically, the aims of this Thesis are to: 
Aim 1:  Systematically review previous evidence on the associations of sedentary time with 
physical function in older adults (Chapter 2).  
Aim 2: Investigate the cross-sectional associations of sedentary time with physical function 
in community-dwelling older adults using a posture-based monitor (Chapters 3 and 
4). 
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Aim 3: Investigate the cross-sectional and longitudinal associations of sedentary time with 
physical function in the aged care setting (Chapter 5). 
Aim 4: Investigate the longitudinal trajectories of sedentary time (using television viewing 
as an estimate of total sedentary time) and their association with physical function in 
older adults (Chapter 6). 
Aim 5: Investigate the bi-directional relationship of sedentary time with physical function in 
older adults (Chapter 7).  
To achieve these objectives, primary and secondary data from four different datasets has been 
analysed with findings presented as published research papers in Chapter 3 – 7. 
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CHAPTER 3 
Cross-Sectional Associations of Sedentary Time and Physical 
Function in Older Adults – the AusDiab study 
3.1 Introduction 
The studies reviewed in Section 2.4 provide evidence that an association between sedentary 
time and physical function is present. However, most of these studies used self-reported or 
hip/wrist worn accelerometer derived measures of sedentary time, with only three of 28 
relevant studies using a posture-based monitor104-106 (the strengths of which are outlined in 
Section 2.3.3). In addition, all of these studies had sample sizes of less than 50 participants. 
Large, population based studies using best practice measurement methods are needed in order 
to capture data that is accurate and closely representative of the overall population. This will 
allow for appropriate policy frameworks that benefit a large proportion of the population (i.e., 
older adults). This chapter reports on cross-sectional associations of sedentary behaviour with 
physical function in a large population-based study – the Australian Diabetes, Obesity and 
Lifestyle (AusDiab) study. While this chapter includes a published paper (Section 3.3), it has 
an extended introduction that addresses methodological considerations of the AusDiab study 
(Section 3.2), and an extended discussion (Section 3.4) that addresses the findings in the 
broader context of this Thesis. 
Notably, the published paper, which examined the associations of sitting, standing and 
stepping (assessed with the activPAL3 posture monitor), with the Timed Up and Go (TUG) 
and Knee Extensor Strength (KES) tests, reports on findings from the full adult age range 
measured within the AusDiab study, with sub-group analyses conducted across age 
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categories, including older adults (65+ years). Although the focus of this Thesis is on older 
adults, inclusion of the full age range available enables exploration of the strengths of these 
associations overall, and how they may interact with age.   
3.2 AusDiab methods and methodological considerations  
The AusDiab Study was first conducted in 1999-2000 and aimed to examine the prevalence 
and determinants of obesity and type 2 diabetes.137 Two subsequent surveys were conducted 
in 2004-2005 and 2011-2012 with the same participants invited to return for the follow-up 
assessments. Data from the third wave (2011-2012) was used for the study in this Chapter, 
while the study in Chapter 6 uses longitudinal data from all three surveys. This section details 
the initial sample selection, procedures, response rates and findings from each wave, 
concluding with the strengths and limitations of the study. 
3.2.1 Sample selection and protocols 
Baseline (1999-2000) 
In the baseline survey, seven strata (comprising the six Australian states and the Northern 
Territory) with a total of 42 randomly selected clusters derived from census collector districts 
were used. Districts with fewer than 100 people aged 25 years or more, those that were 100% 
rural and/or contained more than 10% Indigenous population were excluded.  All eligible 
private dwellings within the selected clusters were approached. A sample size that would 
detect a national diabetes prevalence of 7% was selected. The survey was conducted in two 
phases: a personal interview followed by a biomedical examination. An interview was 
attempted with every adult aged 25 years or more in each household. From 17,129 
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households a total of 20,347 people were interviewed. Of these participants, 55.3% or 11,247 
people agreed to participate in the biomedical examination.137  
Follow up surveys (2004-2005; 2011-2012) 
For the second survey conducted in 2004-2005, a total of 459 participants were not eligible 
for participation due to: requesting no further contact (n=128); mortality (n=310), moving 
into a high-care aged care facility or having a severe/terminal illness (n=21). Of the 10,788 
participants still eligible, 6400 again attended a testing site. An additional 137 participants 
agreed to have external pathology testing for blood and urine tests, and 2,261 completed a 
telephone questionnaire only. The 2004-2005 survey thus included 8,798 (81.6%) of eligible 
participants in some way. All participants from the 1999-2000 survey were again invited to 
participate in survey three conducted in 2011-2012, regardless of whether they participated in 
2004-2005. Excluding those who requested no further contact, had died, were overseas or had 
a severe/terminal illness, there were 10,337 participants still eligible. Of those, 6,186 (59.8%) 
returned in some way (4,614 on site attendance; 150 external pathology laboratory; 1,422 
telephone questionnaire only).  
Weighting of the survey sample 
At baseline, there were several differences between the survey sample and the general 
Australian population. There was a higher percentage of females and a larger proportion of 
participants aged 45 and over, while people aged 25-34 years, and males aged 35-44 years, 
were under-represented. To account for these demographic differences in distribution, sample 
weights were applied to those participating in the biomedical examination. The sample was 
weighted to match the age and gender distribution of each district and also the estimated 1998 
residential population.  
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Measures 
Demographic characteristics, medical and family history, lifestyle related factors, and health-
behaviour related factors were determined via interview and self-administered questionnaires. 
The physical examination consisted of anthropometric, blood and urine assessments. At 
baseline, physical activity was measured using the Active Australia Questionnaire.138 TV 
time was examined with the question “please estimate the total time during the last week that 
you spent watching TV or videos as the main activity you were doing”. This was reported in 
hours and minutes for weekdays (Monday to Friday) and weekend days (Saturday and 
Sunday). 
In survey three, the activPAL3 posture monitor was provided to selected participants at the 
time of the biomedical examination. The first five participants each day who were ambulatory 
and consented to wear the activPAL3 monitor were recruited.134 Participants wore this device 
for seven consecutive days and mailed back the monitor to study staff at the conclusion of the 
wear period. The TUG and KES tests38,139 were also added to the third survey and are further 
detailed in the manuscript in Section 3.3. 
3.2.2 Strengths and limitations of the AusDiab study 
Strengths of this study include that it is population-based and collected a wide range of 
demographic, social, lifestyle, psychological and behavioural variables. Importantly, the 
recruitment of participants across Australia was weighted to the census data in 1998, resulting 
in generalizable findings. However, participants in this dataset were still over-represented by 
English speakers, those who had completed high school or higher education, and those from 
the United Kingdom,137 while under-represented by those who met the National Physical 
Activity Guidelines.137 Furthermore, the sample wasn’t replenished at either of the follow-
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ups, and those who dropped out differed to those that attended in terms of baseline systolic 
blood pressure, BMI, other measures of metabolic health, country of birth, marital status, 
education, smoking, and physical activity levels.140 The TV viewing time measure was asked 
at all three surveys, which allowed for understanding of changes across time and/or causal 
inferences. However, TV viewing time is just one sedentary behaviour, and not necessarily a 
strong predictor of overall sedentary time.141 In addition, TV viewing time is especially 
susceptible to residual confounding by other lifestyle factors such as poor diet (particularly 
snacking58), and smoking142. Furthermore, the measure is unlikely to capture the rapid 
changes in screen based viewing habits over the last decade (discussed further in Section 
6.3).143 Lastly, given that the first five eligible participants of each day were selected for the 
activPAL3 sub-study, there may have been systematic biases in recruitment for this part of 
the study. Indeed, participants who wore the activPAL3 tended to be high functioning and 
generally healthy (discussed further in Sections 3.3 and 3.4). 
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3.3 Associations of Monitor-Assessed Activity with Performance-
Based Physical Function 
 
Abstract 
The purpose of this study was to investigate the cross-sectional associations of monitor-
derived measures of sedentary time and physical activity with performance-based physical 
function in healthy Australian adults. Data from 602 participants (mean age 58.1±10.0 years; 
58% female) from the 2011/12 wave of the Australian Diabetes, Obesity and Lifestyle 
(AusDiab3) study were analyzed. The thigh-worn activPAL3TM monitor (7-days continuous 
wear) was used to derive time during waking hours spent: sitting/reclining; standing; and, 
stepping (overall, and separately as light [<3 METs] and moderate-to-vigorous physical 
activity [MVPA; ≥3 METs], and number of sit-stand transitions. Associations of these (in 
hours/day, or 15 transitions/day) with physical function measures (8ft Timed Up and Go 
[TUG-8; log-transformed seconds] and Knee Extensor Strength [KES; kg]) were tested via 
linear regression, adjusting for confounders. Interactions by sex and age-category (<45; 45-
54; 55-64; ≥65 years) were tested. In all participants, KES was significantly (p<0.05) 
associated with stepping and MVPA stepping only; none of the activity measures were 
associated with TUG-8. However, subgroup analysis revealed that in older adults (≥65 years), 
TUG-8 was associated with stepping and MVPA stepping (both p<0.05). All associations 
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with sitting time, standing, sit-stand transition and sex interactions were not statistically 
significant. Sitting time was not significantly associated with impaired muscle strength or 
gait/mobility in Australian adults aged 36–80 years, but light- to moderate activity (stepping) 
was positively associated with muscle strength, and gait/mobility in older adults aged ≥65 
years. The direction of causation is not known, and remains important to investigate 
considering the high prevalence of both poor function and limited activity in older age.  
Key Words: activity monitor; older adults; Timed Up and Go test; Knee Extensor Strength 
test, posture. 
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Introduction 
Deterioration in physical function, which represents a reduced capacity to undertake activities 
of everyday living, occurs in approximately 20% of healthy adults aged 60 years and older, 
and increases to approximately half of all adults aged 80 years and older (1). From a clinical 
perspective, this deterioration in physical function is important because it has been associated 
with a range of adverse health outcomes, including an increased risk of falls and resultant 
fractures (2), which can lead to a loss of independence and reduced quality of life (3). 
Specifically, reduced lower-extremity muscle strength and gait speed have been consistently 
associated with an increased risk of falls (4), reduced mobility (5) and premature mortality 
(6). Thus, understanding and addressing behaviors that can improve or maintain lower 
extremity muscle strength and function across the life span is important in order to reduce 
disease and disability risk, enabling older adults to live independently longer (3). 
Physical activity is widely recommended to maintain overall health and physical function in 
older adults. However, most research to date has focused on the relationship between 
physical function and activity at the higher end of the intensity spectrum – moderate- to 
vigorous-intensity physical activity (MVPA). Despite the well-established health benefits of 
MVPA (7), this only constitutes a very small proportion of waking hours — on average less 
than 5% in the general adult population, and less than 2% in adults aged 65 years and older 
(8). Rather, the majority of time for many older adults is spent in behaviors that fall within 
the sedentary or light intensity range, such as sitting, standing or light ambulatory activities 
(9). As such, it is important to evaluate whether these behaviors are associated with physical 
function, either beneficially or detrimentally. 
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A number of studies have examined the associations between time spent in sedentary or light 
intensity activities with physical function. A study in 862 adults aged 65 years and older 
observed that accelerometer-derived time spent in activities at the upper-end of the light 
intensity range (i.e., 1,041–1,951 counts/minute) was significantly and positively associated 
with improved physical health, including self-reported lower-extremity function (10). 
Whether there is a relationship between sedentary time (sitting or reclining with low energy 
expenditure while awake) (11) and muscle strength or functional performance is less clear. 
From a physiological perspective, there is sound rationale to suspect that reduced muscle 
contractile activity during sitting (12) especially for prolonged periods, may lead to skeletal 
muscle atrophy and ultimately reduced muscle strength and/or impaired function. Whether 
habitual upright activity (standing and walking) can prevent muscle atrophy or deterioration 
in muscle function is uncertain, as previous cross-sectional studies have reported mixed 
results, with some observing detrimental associations (13, 14) while others report no 
significant associations (15) and even positive associations (16). The reason for these 
apparent discrepancies may relate to differences in participant characteristics between studies 
(e.g., older vs. middle aged, functional status), limitations related to the research design (e.g., 
possibility of reverse causation), and/or the measures used to quantify the sedentary time (e.g. 
television viewing time, total sitting time, objective measures of sedentary time).  
To date, the majority of studies examining the association of activity with physical function 
have used self-report data of exposures, outcomes or both, or objective measures from 
monitors that cannot directly measure sitting/lying versus upright posture (e.g., hip- or wrist- 
worn accelerometers). Few studies have used monitors that can distinguish posture 
accurately, such as the thigh-worn activPAL3TM monitor, and those that have utilised both 
objective measures of activity and objective measures of function have primarily been 
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conducted in old (or very old) people (13, 14, 17, 18). The relationship of activity (across the 
intensity spectrum) with physical function across the life span less clear. Examining this 
relationship across ages will provide greater insight into variation in behaviour within the 
normal range of functioning. 
To address these evidence gaps, the aim of this study was to investigate the associations of 
posture-based, objective measures of time spent sitting, sitting for prolonged periods (≥30 
minutes at a time), standing, stepping (overall, and at a light [<3 MET] and at least moderate 
[≥3 MET] cadence), as well as sit-stand postural transitions) with performance-based 
measured lower-extremity muscle strength and gait speed/mobility in a sample of healthy 
community dwelling adults (36–80 years). Given the established sex and age-related 
differences in activity (8) and functional capacity (19), we also tested for potential sex and 
age group interactions of associations of activities with physical function. It was 
hypothesized that all activities would be associated with function measures, with sitting (and 
prolonged sitting) expected to be adversely associated, while standing, stepping and sit-stand 
transitions would be beneficially associated.  
Materials and Methods 
Participants 
The Australian Diabetes, Obesity and Lifestyle Study (AusDiab) is a longitudinal study 
examining the history of diabetes, pre-diabetes, heart disease and kidney disease in 
community dwelling Australian adults. As previously reported (20), baseline data was 
collected in 1999–2000 from those aged at least 25 years using a probabilistic sampling frame 
(n=11,247). Since then, two additional waves of data collection have occurred (2004/05 and 
2011/12) and for this study we have used data collected from the 2011/12 wave. The study 
Chapter 3 
56 
 
was approved by the Alfred Health Human ethics committee, and signed informed consent 
was obtained by all participants. 
Data Collection 
At each wave, participants attended a testing site where biochemical, anthropometric, and 
behavioral assessments were conducted, and questionnaire data were collected. In 2011/12, 
4,614 participants across 46 sites in Australia attended the on-site testing (20). The 
representativeness of this third wave of attendees has previously been reported, with on-site 
attendees being on average younger, with lower BMI, better cardiovascular health, higher 
education and lower rates of smoking, compared to non-attendees (20).  
At this third wave of data collection, physical function assessments (for all participants who 
were able to complete the tests) and activity monitor assessments (on a sub-sample) were 
added to the on-site testing protocol. On each testing day, up to five participants were 
recruited for the activity monitor sub-study, beginning with the first potentially eligible 
participant (i.e., ambulatory, not pregnant). Participants were informed that the activity 
monitors would collect data on sitting, standing, and stepping time over seven consecutive 
days. Participation in this component required additional informed written consent. Of the 
1014 participants approached, 784 agreed to participate, and 741 provided at least one valid 
day of activity monitor data. Of these, those with missing values for outcome variables 
(n=84) and covariates (n=55) were excluded, leaving data from 602 adults available for full 
analysis (final sample). 
 
 
Chapter 3 
57 
 
Activity Outcomes 
The activPAL3TM monitor is a small (53 × 35 × 7 mm; 15 g), unobtrusive device that uses 
raw data collected (at 20 Hz) on thigh angle and acceleration to identify periods spent 
sitting/reclining (herein referred to as ‘sitting’), standing, and stepping, stepping speed 
(cadence), and step counts, using proprietary algorithms. Sitting and lying down may not 
relate equally to physical function, and a recent small-scale validation study showed the 
activPAL3TM can distinguish between these postures to some degree (21). We chose to 
examine original activPAL3TM classifications as these have been more extensively validated 
than sitting and lying as separate activity classifications. This monitor has been shown to be 
highly accurate (overall observer-monitor activity agreement of 95.9% for the assessment of 
second-by-second of sitting, standing and stepping activity; (22, 23)) and reliable (interclass 
correlation of 0.79 to 0.99 for inter-observer reliability) (24) in both adults and older adults 
(25). The monitor was initialised (default settings) then fitted to the anterior midline of the 
participant’s right thigh. Participants were instructed to wear it continuously (24 hours/day, 
without removing for showering/bathing) for seven consecutive days, complete a sleep and 
wear diary, and post the monitor and diary back to AusDiab research staff in a reply-paid 
envelope.   
The data were downloaded using the proprietary software (version 6.4.1) and processed using 
a customised program in SAS 9.3 (SAS Institute Inc., Cary, NC, USA) that combined 
activPAL3TM and diary data. If not reported, apparent sleep/wake times were estimated based 
on visual scanning of the data for cessation/resumption of standing or stepping 
preceding/following prolonged periods of sitting. All data were visually inspected and 
corrected as required for any unreported long removal periods. Consistent with the events-
based approach (26), and to correct for imprecisions in diary reporting, whole bouts of 
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activity (rather than times) were classed as awake/not and removed/not, with bouts that were 
mostly (≥50%) awake/removed being initially classed as such. To remove any waking 
activity within these sleeping periods from imprecise reporting, any bout of activity <20 
minutes at the beginning and end of each initially identified sleep period was reclassified as 
awake. Wear days were then identified (from wake time until wake time the following day) 
and these were considered valid if the monitor was worn for ≥10 h (when waking hours were 
not reported in the diary) and for ≥80% of waking hours. For each valid day, the sum total of 
waking wear time, time spent sitting, sitting in prolonged bouts, standing, stepping and 
number of sit-stand transitions was calculated. Due to the possibility that only particular 
stepping speeds are beneficial to function (i.e., those consistent with moderate activity), we 
also investigated slow and fast stepping separately, split at 3 METs (as estimated by the 
device from cadence) to distinguish at least moderate stepping (MVPA stepping) from light 
stepping. These were averaged across valid days, and standardised for waking wear time by 
the residuals method (27). 
Physical Function 
Physical function was measured objectively using the 8ft Timed Up and Go (TUG-8) test 
(28) and the Knee Extensor Strength (KES) test (29). A shorter time to complete the TUG-8 
test (in seconds), which was measured by stopwatch, indicates better dynamic gait speed and 
mobility across a combination of three commonly performed functional activities of daily 
living (sitting, standing, walking and turning). Participants started by sitting in a chair that 
was placed at the end of a marked 8ft / 2.44-meter walk. On the command ‘Go’, participants 
were asked to rise from the chair, walk at a comfortable speed for 2.44 meters, turn around, 
and walk back and sit down in the chair. This test has shown good reliability (ICC= 0.95), 
and relative validity against gait speed as a criterion (r = 0.61) (28). 
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The KES is a measure of lower-limb isometric muscle strength, with greater force (in kg) 
indicating better knee extensor strength. KES was measured using Lord's strap assembly 
incorporating a strain gauge (Neuroscience Research Australia, Sydney, Australia). Briefly, 
participants were seated on a stool with their hip and knee at a 90 degree angle, and a 
webbing strap with a Velcro fastener attached to their dominant leg approximately 5–10 cm 
above the ankle joint. After one practice trial and a one-minute rest, participants performed 
their two test trials by extending their leg against the strap with maximal force for 2–3 
seconds, having been instructed to contract as fast and as forcefully as possible (29). Thigh 
length (i.e., from hip to knee) was also measured. This test has been shown to have good test-
retest reliability (ICC > 0.9) (30) and good construct validity with other measures of muscle 
strength (r = 0.768) (29). The KES test is reported in total kilograms, adjusted for thigh 
length. 
Self-reported physical function (PF-10; unstandardized) was obtained from the 10 physical 
function specific items in the SF-36 quality of life questionnaire and used as a descriptive 
measure (31).  
Variables considered as confounders 
Interviewer-administered questionnaires were used to obtain socio-demographic information 
on age, sex, marital status, housing status, income, smoking status, and country of birth 
(collapsed later into Australia or New Zealand versus other). Information was also collected 
on work status, family history of diabetes, smoking status and self-rated health (see Table 1 
for response categories). Alcohol and energy intake (g/day) were determined using a self-
administered validated food frequency questionnaire (average during the past 12 months) 
(32). Body Mass Index (BMI; kg/m2) was obtained by recording height (nearest 0.5cm) and 
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weight (nearest 0.5kg) via a stadiometer and scales respectively, using standardized protocols 
(33). Depressive symptoms were evaluated using the Center for Epidemiologic Studies 
Depression Scale (CESD; 0–20) (34). Scores were broken down into three categories: no 
depressive symptoms (<10); mild depressive symptoms (10-14); and severe depressive 
symptoms (>14) (35).  
Chapter 3 
61 
 
Table 1. Characteristics of AusDiab 2011/12 included participants (n=602 in the monitor 
subsample with relevant data) and remaining testing site attendees (n=4012 Australian 
adults). 
Variables Included 
participants 
(n = 602) 
Remaining 
AusDiab3 on-site 
attendees 
(n = 4012) 
p (included 
vs 
excluded) 
Characteristics    
Age (years); mean (SD) 58.1 (10.0) 61.2 (11.4) <0.001 
35 to 45; years; n (%) 60 (10.0) 293 (6.4)  
45 to <55; n (%) 174 (28.9) 874 (18.9)  
55 to <65; n (%) 203 (33.7) 1339 (29.0)  
≥65; n (%) 165 (27.4) 1506 (32.6)  
Female; n (%) 352 (58.47) 2200 (54.8) 0.076 
Owns dwelling; n (%) 537 (89.2) 3506 (87.4) 0.153 
Australian/NZ; n (%) 492 (81.7) 3126 (67.8) 0.025 
Yearly household income   0.930 
     Low, <$30k 86 (14.3) 732 (18.2)  
     Mod-low, $30 to <$60k 147 (24.4) 886 (22.1)  
     Mod-high, $60 to <100k 127 (21.1) 785 (19.6)  
     High, ≥ $100k 208 (34.6) 1132 (28.2)  
Employment Status   0.012 
     Full Time 226 (37.5) 1230 (30.7)  
     Part Time 136 (22.6) 820 (20.4)  
     Retired 176 (29.2) 1366 (34.1)  
     Other 64 (10.6) 417 (10.4)  
BMI category; n (%)   0.526 
     Underweight/Normal; <25 195 (32.4) 1254 (31.3)  
     Overweight; 25 to < 30 258 (42.9) 1641 (40.9)  
     Obese; ≥30 149 (24.8) 1107 (27.6)  
Self-rated health; n (%)   0.007 
     Excellent 77 (12.8) 418 (10.4)  
     Very good 250 (41.5) 1501 (37.4)  
     Good 227 (37.7) 1561 (38.9)  
     Fair/poor 48 (8.0) 488 (12.2)  
Alcohol Intake; n (%) a   0.563 
     None/Low 70 (11.6) 490 (12.2)  
     Normal 391 (65.0) 2137 (53.3)  
     High  75 (12.5) 556 (13.9)  
     Severe   66 (11.0) 411 (10.2)  
Family history of diabetes; n (%) 172 (28.6) 1130 (28.2) 0.830 
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Center for Epidemiologic Studies 
Depression Scale (0–20); n (%)   
0.123 
     No symptoms (<10) 551 (91.5) 3444 (74.6)  
     Mild symptoms (10 to14) 32 (5.3) 279 (6.0)  
     Severe symptoms (>14) 19 (3.2) 154 (3.3)  
Physical function measures; median 
(25th to 75th Percentile)      
  Timed up and Go (s) 5.6 (4.9 to 6.5) 5.9 (5.1 to 7.0) <0.001 
  Knee extensor strength test (kg) 24.2 (16.6 to 34) 23.3 (15.5 to 33.2) 0.424 
  Physical function (PF-10) b 90 (80 to 100) 90 (70 to 95) <0.001 
Activity variables c       
  Sitting, all, hrs/day 8.7 (1.8) -  
Prolonged Sitting, h/day d 4.0 (1.7) -  
  Standing, h/day 4.9 (1.5) -  
  Stepping, all, h/day 2.0 (0.6) -  
Light stepping, h/day e 1.0 (0.4) -  
MVPA stepping, h/day f 1.0 (0.4) -  
  Sit-stand transitions, mean (SD) g 53.3 (14.8) -  
a low = 0 g/day, normal = <25 g/day (men) & < 15 g/day (women), high = 25–<45 g/day (men) & 15– < 25 g/day (women), 
severe = >45 g/day (men) & >25 g/day (women); b self-reported physical function obtained from the 10 physical function 
specific items in the SF-36 quality of life questionnaire; c all objective activity variables standardised for worn waking time; 
d >30 minutes uninterrupted sitting; e Light stepping is <3 METs; f MVPA (moderate-to-vigorous physical activity) stepping 
is at ≥ 3 METs;  g Sit-stand transitions adjusted for sitting; statistically significant differences between the final sample and 
the remaining on-site attendees were evaluated using logistic regression analyses (survey commands). 
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Sample size analysis 
A priori calculations in G*Power version 3.2.7 (Heinrich Heine University, Dusseldorf, 
Germany) showed that approximately 530 participants would be required to provide 90% 
power to detect small effect sizes (Cohen’s f2 = 0.02) (36), with 5% significance 2-tailed; this 
was consistent with the approximate size available from the AusDiab3 monitor subsample.   
Statistical analyses 
Data processing and analyses were performed in STATA (version 12, College Station, TX, 
Stata Corporation), using survey commands with linearized variance estimates in view of the 
clustered, stratified design. Statistical signiﬁcance was set as two-sided p<0.05 (including for 
interaction terms), with p<0.1 used as a reporting threshold for interactions. Descriptive 
statistics are presented as means and standard deviations (SD) for normally distributed data, 
median (25th, 75th percentile) for non-normal continuous data, or percentages for categories. 
Characteristics of included participants (n=602 from the subsample, with complete data) and 
all AusDiab3 onsite attendees (n=4012 from all who attended a tested site, not including 
those in the final sample) are described and the association of these characteristics with study 
inclusion were tested using logistic regression (survey commands). 
Multivariable linear regression analyses examined the associations of time spent per day in 
the three main activities (sitting, standing, stepping) and sub-types of these activities 
(prolonged sitting, light stepping, MVPA stepping) and postural transitions with time to 
complete the TUG-8 test (in seconds) and weight lifted on the KES test (in kg), adjusting for 
potential confounders. Models examining postural transitions also adjusted for sitting time. 
To conform to modelling assumptions (normality and heteroscedasticity), TUG-8 time was 
log transformed. Models did not display non-normality or heteroscedasticity. Non-linearity in 
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associations of activity with the outcomes was not evident in scatterplots of residuals versus 
the activities. To account for the many participants who reached the KES test limit (60 kg), 
truncated regression models were also used (see S1 Table), as a sensitivity analysis only as 
these models did not correct for clustering and stratification. All models adjusted, regardless 
of significance, for age, sex, BMI and self-rated health and, in KES models, for thigh length 
(to account for differences in lever-arm length). Variables associated with the outcome at 
p<0.2 in backwards elimination models were also included (namely, depressive symptoms 
and alcohol intake in TUG-8 models and employment status in KES models). Interactions by 
age group (36–44; 45–54; 55–64; ≥65 years) and sex were also tested using regression 
models.  
Results 
Table 1 presents the characteristics and comparison of the AusDiab3 on-site attendees who 
were and were not included in the current analyses. The final sample ranged in age from 36 to 
80 years, 58% were women, 34% had a high (≥$100K) household income, 65% with normal 
(<25 g/day for men and <15 g/day for women) alcohol intake, 41% with very good self-rated 
health, 34% were categorised as overweight, and 91% were without depressive symptoms. 
Included participants were significantly younger (p<0.001), had higher income (p<0.001), 
full-time employment (p=0.011), higher self-rated health (p=0.005), and shorter time to 
complete the TUG-8 test (p<0.001) compared to participants not included. 496 participants 
provided 7 days of monitor data (65 provided 6 days, 15 provided 5, 10 provided 4, 9 
provided 3, 4 provided 2, and 3 participants provided 1 day of data). Findings were not 
meaningfully different for those with 7 days compared to those with less data; hence, to 
maximize sample size, all those with at least 1 day of data were included in the study. 
Participants wore the monitor for an average (mean ± SD) of 15.7±1.1 h/day during waking 
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hours, of which an average 55.4% (8.7±1.8 h/day) was spent sitting, (including 25.5% in 
prolonged sitting [4.0±1.7 h/day]), 31.2% (4.9±1.5 h/day) was spent standing, and 12.7% 
(2.0±0.6 h/day) was spent stepping (with 6.6% spent in both light and MVPA stepping). 
Participants performed an average of 53±14 sit-stand transitions per day. Characteristics and 
comparisons between age categories are available in S2 Table. 
Association of activity measures with physical function 
In the overall sample, no statistically significant associations were found between any type of 
activity with TUG-8 time, nor of sitting, prolonged sitting or standing with KES (Table 2). 
Significantly higher KES (β [95%CI] kg) was observed with each additional hour per day of 
stepping (2.3 [0.8, 3.7] kg, p=0.003), light stepping (2.9 [0.3, 5.5] kg, p=0.030) and of MVPA 
stepping (3.7 [0.9, 6.4] kg, p=0.009). Correcting for the upper test limit in the sensitivity 
analyses (Supplemental Digital Content  Table 1) mostly did not affect conclusions except 
that the association of light stepping with KES was slightly weaker and no longer statistically 
significant (β=2.25, 95% CI: -0.10, 4.61 kg, p=0.061). 
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Table 2. Association of activPAL3TM derived activities with the 8ft Timed Up and Go (TUG-
8) and Knee Extensor Strength (KES) test in Australian adults aged 36–80 years. 
 TUG-8 completion 
time (seconds) 
RR (95% CI) a 
p-value 
KES (kilograms) 
β (95% CI) b 
p-value 
 
Sitting (all), h/day 1.01 (1.00 to 1.02) 0.245 -0.30 (-0.70 to 0.09) 0.131 
Prolonged Sitting, h/day c 1.00 (0.99 to 1.02) 0.474 -0.40 (-0.93 to 0.13) 0.134 
Standing, h/day 0.99 (0.98 to 1.01) 0.329 0.01 (-0.43 to 0.44) 0.980 
Stepping (all), h/day 0.98 (0.95 to 1.02) 0.341 2.28 (0.82 to 3.74) 0.003 
Light stepping, h/day d 0.98 (0.93 to 1.03) 0.378 2.90 (0.28 to 5.51) 0.030 
MVPA stepping, h/day d 0.97 (0.92 to 1.03) 0.383 3.68 (0.96 to 6.40) 0.009 
Sit-stand transitions, 15 
transitions/day 1.00 (1.00 to 1.00) 0.961 0.04 (-0.01 to 0.09) 0.097 
a Back-transformed from log-transformed outcome as Relative Rate (RR) with 95% confidence interval (CI) 
obtained in linear regression analyses (STATA ‘survey commands’) that corrects for clustering/stratification and 
adjust for age (years), sex (male/female), self-rated health (excellent, very good, good, fair/poor), depressive 
symptoms (none, mild, severe) and alcohol intake (none/low, normal, high, severe);  b Regression coefficient (β) 
with 95% confidence interval (CI) that adjusts for age (years), sex (male/female), self-rated health (excellent, 
very good, good, fair/poor), employment status (full time, part time, retired, other) and thigh length (cm) and 
correct for clustering/stratification (linear regression, STATA ‘survey commands’); c Prolonged sitting = sitting 
uninterrupted in ≥30 minute bouts at a time; d Light stepping is <3 METs; MVPA stepping is at ≥ 3 METs. 
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Age and sex variations in associations of activity measures with physical function 
Associations of activity with TUG-8 and KES did not vary significantly by sex (all p>0.05, 
Supplemental Digital Content Table 3). Associations of activity with performance on the 
KES test did not differ significantly by age (Supplemental Digital Content Table 4). There 
was some evidence of variation by age in the associations with TUG-8 with stepping 
(p=0.039), light stepping (p=0.052), and MVPA stepping (p=0.021) only (Supplemental 
Digital Content Table 4, and fig 1). For all stepping by age interactions, the effect sizes were 
statistically significant and strongest in those aged ≥65 years, with increased stepping time 
being associated with greater TUG-8 performance in this age group. Time to complete the 
TUG-8 test decreased significantly with each additional hour per day of stepping (by 10%, 
RR=0.91, 95% CI: 0.84, 0.98, p=0.010), light stepping (by 12%, RR= 0.89, 95% CI: 0.80, 
1.00, p=0.044) and MVPA stepping (by 18%, RR= 0.85, 95% CI: 0.76, 0.95, p=0.006). 
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Fig 1. Age-group interactions for the association of Timed Up and Go (TUG-8) performance 
and overall stepping (A), light stepping (B), and MVPA stepping (C) in Australian adults 
aged 36–80 years 
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Discussion 
This cross-sectional study of community-dwelling Australian adults aged 36–80 years aimed 
to examine the associations of posture-based, objective measures of various physical 
activities (from sitting to MVPA stepping) with performance-based measures of physical 
function. We observed that average daily stepping time was significantly associated with 
greater knee extensor strength (KES) in all adults aged 36–80 years. For gait and mobility 
(TUG-8 performance), no significant association was observed overall with stepping time, 
but the association varied significantly by age. Within adults aged ≥65 years only, stepping 
was significantly associated with a lower mean time to complete the TUG-8 test. No 
statistically significant associations were observed between measures of sitting time, 
prolonged sitting time, standing time or sit-stand transitions with TUG-8 or KES scores.  
Studies using both objective and self-reported measures of activity and function have 
consistently shown that more activity (particularly moderate intensity) or regular structured 
exercise (resistance and balance training) is associated with the improvement and/or delayed 
onset of physical limitations (3, 13, 17, 18). Adding to this literature, we observed a 
significant and positive association of both light intensity stepping (<3 METs) and MVPA 
stepping (≥3 METs) with faster TUG-8 time (only within in adults aged 65–80 years), and 
between MVPA stepping and KES across all age groups (36-80 years). Our study adds to this 
literature by supporting the current evidence using a novel posture-based monitor not 
previously investigated in this setting (i.e., the activPAL3TM). However, due to the high 
functional ability of the sample, the onset of physical impairment may be different to other 
populations. Collectively, the literature supports the promotion of activity (both light- and 
moderate-intensity) for the improvement of function in older adults, although a causal 
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relationship remains to be established, such as by experimental studies or longitudinal studies 
with high-quality objective measures.  
Although it was expected that sitting time would be adversely associated with physical 
function, such that sitting time would increase mean TUG-8 time and decrease mean KES, no 
statistically significant associations were observed in this study. This could be attributed to 
the fact that we investigated these associations across the adult life course (e.g., in adults aged 
36–80 years), and not specifically in older adults and the elderly. Further, our sample was 
shown to be high functioning when compared to normative scores for community dwelling 
older men and women (37). Indeed, two previous studies in elderly institutionalized women 
aged 71–96 (13) and older adults aged 65–103 years (14) that examined this relationship 
using objective measures of both sedentary time and function both reported significant 
associations with TUG-8 (13, 14) and lower-extremity muscle strength (13). These studies 
found that more sitting was associated with slower TUG-8 time and lower muscle strength. 
Although no such statistically significant associations were observed in our sample of healthy 
adults and older adults, given the potential cardiovascular and metabolic benefits of reducing 
sitting time (38), the message to reduce prolonged and excessive sitting time remains relevant 
(e.g., Australian physical activity guidelines (39)). As standing, light stepping and MVPA 
stepping did not show equally strong associations with physical function, people who reduce 
their sitting time might experience a different degree of benefit to their physical functioning 
depending on what they do instead of sitting. This merits further investigation. 
To our knowledge, despite standing being a common activity (31% of the waking day in our 
sample), there has only been one other study that has investigated standing time in relation to 
physical function (13). Although likely underpowered, this study of 19 institutionalized 
elderly women also observed no significant associations of standing with TUG-8 
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performance or muscle strength, as well as with balance, flexibility, maximal walking, or the 
chair stands test (13). This suggests that more dynamic muscle contractions or movements 
may be needed to improve functional performance. However, when we examined the 
association between the number of daily sit-stand transitions (adjusted for sitting time) with 
muscle strength or gait/mobility we observed no significant association overall or within any 
of the examined age groups. While similar findings were observed in study of 162 healthy 
community-dwelling adults aged 60 to 86 years (40), several other studies have reported that 
more frequent breaks in sedentary time are associated with better physical function (41). It is 
evident from these findings that further research on the role of sit-stand transitions (and 
activity accumulation patterns more broadly), as well as standing time during free-living 
behaviour, is needed to investigate these elements for functional and other health benefits, 
particularly in adults across the age range and in multiple settings (i.e. community, assisted 
living, institutional, residential care). 
Key strengths of this study include the objective measurement of both physical function and 
activity specifically using a novel monitor that is valid and reliable in measuring varying 
postures and stepping (24, 25). Though the monitor provides accurate measures, 
measurement error could still have affected findings. The data reduction methods (e.g., 
removing sleep and non-wear) were typical of usual practice in the field (42) but have not 
been validated. Compliance was excellent, however, it is not completely clear whether the 
monitoring period sufficient to estimate usual activity (42), possibly leading to attenuated 
associations of activity with physical function. MVPA and light stepping reflect faster and 
slower stepping, but not necessarily stepping at a true moderate to vigorous or light MET 
level, as the activPAL accurately measures cadence (43), but not necessarily METs. The 
recruitment of a geographically diverse sample of community dwelling adults across 
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Australia was in some regards a methodological strength. However, in combination with 
biases in sub-sample recruitment, participation, and eligibility to wear the monitor, this meant 
that few participants were at the older end of the age spectrum (i.e., ≥65), with none >80 
years, in whom associations have been observed previously and for whom associations might 
be strongest, given the greater degree of physical limitations that occur with ageing. Findings 
from this study are not generalizable beyond the ages covered.  The cross-sectional nature of 
the study means the direction of the relationship of physical activity with physical function 
could not be inferred, with bi-directional relationships and reverse causation both distinct 
possibilities. Further, while the study was estimated to have enough participants to detect 
associations of a “small” effect size (f2 =0.02), this is the overall effect size that did not 
account for clustering, may not be sufficient for smaller group sizes, and is not to say that 
associations smaller than this amount (for which the study was not adequately powered) have 
no clinical relevance. Clinically meaningful differences on the TUG-8 and KES tests are not 
established.  
In summary, we found higher levels of ambulatory activity (particularly moderate-intensity 
activity) tended to be associated with better physical function, particularly in adults aged 65 
years and older. We did not observe significant associations of sitting time, prolonged sitting 
time, standing, or number of sit-stand transitions with lower-limb muscle strength or 
gait/mobility in our sample of adults aged 36–80 years. Future studies should focus on 
composite measures of function (e.g., sarcopenia) that can be examined over a wide range of 
impairments, include all ages (including oldest-old adults), and use longitudinal and/or 
intervention designs, when feasible, to examine evidence regarding traditional, bi-directional 
and reverse-causal relationships.  
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3.4 Discussion and implications of findings 
The published paper included in Section 3.3 was the first study to use a posture-based activity 
monitor to investigate the associations of sitting time with performance-based measures of 
function in a large, community-based sample of adults. Specifically relating to the aims of 
this Thesis, the key finding was that objectively-assessed sitting time was not significantly 
associated with either the TUG or KES test in Australian older adults aged 65-80 years.  
These results are somewhat contradictory to what was expected, given that the systematic 
review in Section 2.4 showed that five of six studies found a detrimental association with the 
TUG test in older adults.101,106,112,123,126 However, the participants within two of those studies 
were residing in an aged care facility106 or were older (e.g., 65-103 years)123 than those in the 
study in Section 3.3. Therefore, the findings may not be comparable. In addition, effect sizes 
between these studies are difficult to compare. While the average daily sitting time of 8.7 
hours in the AusDiab sample is within the average range (8.0 – 10.5 hours) reported in 
similar studies,102,105,123, significant heterogeneity in how the outcome measures are expressed 
is seen between studies. Previous studies have presented TUG performance in both time 
(seconds) and speed (metres/second), with knee extensor performance reported in 
kilograms,120,121 watts,104 and newton metres.106 Further exploration is needed to address this 
heterogeneity to derive an overall effect size and to determine its meaningfulness beyond 
statistical significance alone.  
As noted in the study in Section 3.3, the combination of biases in sub-sample recruitment, 
including eligibility to wear the monitor, meant that few participants were at the older end of 
the age spectrum (i.e., ≥65, n = 165), with none >80 years. Meaningful associations may have 
been missed due to a lack of statistical power within the older adult sub-sample models, 
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and/or because participants were below a threshold level of impairment where relationships 
may be observed. Table 3.1 below summarizes some key demographic, health and physical 
function measures between the study sample aged ≥65 years compared with the remaining 
on-site attendees aged ≥65 years. This table shows that participants included in the analyses 
reported better self-rated health, had faster TUG time, better KES performance, and better 
self-reported function (derived from the SF-36 physical function sub-scale) compared with 
the remaining on-site attendees. Further studies in the oldest old, as well as those with 
advanced and chronic diseases (e.g., sarcopenia) that may prematurely impact levels of 
sedentary time or function, are needed to further evaluate this association. 
Table 3.1. Key demographic, health and physical function measures between the study 
sample aged ≥65 years compared with the remaining on-site attendees aged ≥65 years.  
 
Study sample ≥65 
(n = 165) 
Remaining on-site 
attendees ≥65 
(n = 1448) p difference 
Characteristics 
Female; n (%) a 91 (55%) 801 (55%) 0.631 
Self-reported health; n (%) a   0.036 
    Excellent 15 (9%) 115 (8%)  
    Very good 74 (45%) 541 (37%)  
    Good 62 (38%) 605 (42%)  
    Fair/poor 14 (8%) 231 (16%)  
TUG; (s) median (25th, 75th) b 6.3 (5.5, 7.3) 6.8 (5.7, 8.2) <0.001 
KES; (kg) median (25th, 75th) b 20.7 (13.7, 29.6) 19.1 (12.4, 27.4) 0.033 
PF-10; median (25th, 75th) b 85 (70, 90) 80 (55, 90) <0.001 
a chi-squared tests; b variables were not normally distributed, therefore mann-whitney tests were used to 
investigate differences between groups. 
 
The use of a posture-based monitor, and the examination of the associations in a large, 
community-based sample, have helped to address a key gap in the evidence base (as 
summarised in Section 2.5). However, the study is limited in the variation of physical 
function measures used and as a result of the sampling bias discussed in Section 3.2.3. As 
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mentioned in the published manuscript, future investigations should include more elderly 
participants with a more varied health profile, as well as a larger variety of function 
measures.  
The following chapter (Chapter 4) builds on the findings presented here to examine 
associations of objectively-assessed sedentary time across a wide array of performance-based 
function measures addressing muscle strength, balance, mobility and gait speed. Importantly, 
the sample of 123 community-dwelling older adults included a proportion of elderly adults 
(>80 years).
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CHAPTER 4 
Cross-Sectional Associations of Sedentary Time and Physical 
Function in Older Adults – the STEPS study 
4.1 Introduction 
The study in this Chapter builds on the previous work presented in Chapter 3 by examining a 
broader range of performance based estimates of function, including measures of muscle 
strength, balance, mobility, and gait speed. Examining a wide range of physiological 
performance measures is important as each of these measures have been identified as playing 
a key role in preventing later life disability and maintaining independence and quality of life. 
For example, gait speed has been shown to be a strong predictor of disability, falls and 
mortality;144 poor balance is associated with a higher falls risk;145 and, poor muscle strength 
is associated with frailty and sarcopenia.24 In addition, and as noted in Section 2.2.1, different 
domains of function begin to deteriorate at different ages in the lifecycle,43 making this range 
of measures important to investigate. As noted in the systematic review presented in Section 
2.4, the associations of sedentary time with physical function appear to vary with the 
measures of function used. 
Data from The Seniors’ Thinking, Exercise and Protein Study (STEPS) study was used in this 
Chapter. As with Chapter 3, detailed methods for this study are described in Section 4.2. 
Section 4.3 includes the unformatted version of a published paper that uses activPAL3 
derived measures of sitting time collected by the candidate. Here, the association of sitting 
time with muscle strength, physical performance, gait speed and balance in 123 community-
dwelling older Australians is reported. Notably, while the published manuscript also reports 
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on the associations of sedentary time with body composition, pre-sarcopenia and 
inflammation, only the findings relating to the associations of sedentary behaviour with 
physical function are discussed in further detail in Section 4.4, in line with the scope of the 
Thesis.  
4.2 STEPS methods and methodological considerations 
The STEPS Study is a 24-week community-based randomised controlled trial in which men 
and women aged 60 years or more were randomly allocated to either a diet enriched with 
protein (through additional lean red meat) or a diet with additional carbohydrates (through 
additional rice, pasta or potato), both in conjunction with a multi-component exercise 
program inclusive of progressive resistance training (PRT). While the manuscript presented 
in this Chapter used only baseline data prior to the randomisation of participants, this section 
will detail this study’s overall recruitment methods and measures used. 
4.2.1 Sample selection and protocols 
This study was conducted within the Institute for Physical Activity and Nutrition at Deakin 
University in Melbourne, Australia. Recruitment strategies included advertising in local 
newspapers, word of mouth, flyers and presentations at community centres. Screening 
included a four step process, as follows:  
1. Participants were initially screened over the phone and excluded based on the 
eligibility criteria described below in Table 4.1;  
2. Eligible participants were required to obtain approval from their general practitioner 
to clear them of any contraindications to exercise;  
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3. Participants completed the Geriatric Depression Scale (GDS) and Short Portable 
Mental Status Questionnaire (SPMSQ) and were excluded if they scored greater than 
six and/or two on these tests, respectively; and, 
4. Participants renal function was evaluated, with those with an estimated glomerular 
filtration rate (eGFR) <45ml/min/1.73m2 being excluded. 
Table 4.1: STEPS study exclusion criteria. 
Exclusion criteria  
• Current participation in structured progressive resistance training >1 week in the past 
3 months    
• Current participation in regular moderate intensity physical activity ≥150 
minutes/week over the last three months    
• Body mass index (BMI) >40    
• Not willing to consume lean red meat or carbohydrates three times a week for 24 
weeks    
• Not willing to take a vitamin D supplement (1000IU) each day for 24 weeks    
• Not willing to commit to attending the exercise program three times a week for 24 
weeks  
• Currently taking insulin to treat diabetes    
• Have had any hip or spine fractures within the last year which would prevent them 
from being able to fully participate in the exercise program    
• Renal impairment (eGFR<45 ml/min) or disease or currently on dialysis    
• Chronic liver disease    
• Diagnosed with coeliac disease    
• Inflammatory bowel disease    
• Currently has cancer or a terminal illness    
• Osteoarthritis which restricts walking upstairs or gripping a weight    
• Taking oral corticosteroids    
• No GP consent obtained or failed to pass the exercise tolerance/stress test  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4.2.2 Measures and intervention 
A number of measures were included in this study. Briefly, these include assessments of: 
height and weight, diet (24-hour food diary), self-reported physical activity and sedentary 
time (CHAMPS questionnaire64), body composition, physical function (strength and 
performance tests), depression and anxiety, neurotrophic and inflammatory markers, and 
cognitive function measures. All measures used in the published study, as well as the details 
of the activPAL3 sub-study that forms part of this Thesis, are described in detail in Section 
4.3. While STEPS is an intervention, the study in this Thesis used only baseline data before 
group allocation was conducted. 
4.2.3 Primary data collection by the candidate 
The candidate was involved in primary data collection in the STEPS study specifically 
relating to the collection of the activPAL3 data. This involved initializing, water-proofing, 
and posting the required number of monitors to the research team each week. Prior to the start 
of recruitment the candidate visited Melbourne, Australia, in order to train the research team 
in how to attach the monitor to the participants’ thigh and how to fill out the required sleep 
diary. Also necessary was a method of tracking the monitors and who they were given to, 
when they were given, and when they were due to be returned. In order to minimize the 
potential for lost monitors, each participant was given a reply paid envelope and instructions 
on how to pack the monitor to return it safely. Each monitor pack given to participants 
contained an information and instruction sheet (Appendix 4A) and the sleep diary (Appendix 
4B). All participants who consented to the STEPS study were asked to participate in the 
activPAL3 sub-study. 
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4.3 Association of sitting time and breaks in sitting with muscle 
mass, strength, function, and inflammation in community-
dwelling older adults. 
 
Abstract 
Purpose: To examine the association of sitting time and breaks in sitting time with muscle 
mass, strength, function and inflammation in older Australians. 
Methods: Data from the thigh-worn activPAL3TM monitor (7-days continuous wear) was 
used to derive time spent sitting (hours) and total number of sit-stand transitions per day. 
Body composition (dual energy X-ray absorptiometry), lower-body muscle strength, function 
(timed up-and-go [TUG], 4-m gait speed, four square step test, 30-second sit-to-stand) and 
serum inflammatory markers (interleukin-[IL-6], IL-8, IL-10, tumor necrosis factor-alpha 
[TNF-α] and adiponectin) were measured. Multiple regression analyses, adjusted for age, sex, 
ethnicity, education, employment status, marital status, number of prescription medications, 
smoking status, and stepping time were used to assess the associations.  
Published manuscript 
 
Reid N, Healy GN, Gianoudis J, Formica M, Gardiner PA, Nowson CA, Daly RM. 
(2018). Association of sitting time and breaks in sitting with muscle mass, strength, 
function, and inflammation in community-dwelling older adults. Osteoporosis 
International, 1-10. 
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Results: Data from 123 community-dwelling older adults (aged 65-84 years, 63% female) 
were used. Total daily sitting time was associated with lower percentage lean mass (β 
[95%CI], -1.7% [-1.9, -0.3]), and higher total body fat mass (2.1 kg [0.9, 3.4]). More frequent 
breaks in sitting time was associated with a 45% reduced risk of having pre-sarcopenia 
(OR=0.55 95% CI: 0.34, 0.91), defined as appendicular lean mass divided by BMI. No 
significant associations were observed for sitting time or breaks in sitting with measures of 
muscle strength, function or inflammation. 
Conclusion: In older community-dwelling adults, greater sitting time was associated with a 
lower percentage lean mass, while more frequent breaks in sitting time were associated with 
lower odds of having pre-sarcopenia. This suggests that reducing sedentary time and 
introducing frequent breaks in sedentary time may be beneficial for improving body 
composition in healthy older adults.  
Key words: sedentary behaviour, body composition, pre-sarcopenia, objective measures, 
inflammation. 
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Introduction 
Low muscle mass (termed pre-sarcopenia), poor strength and impaired functional 
performance (collectively termed sarcopenia), are three concepts that are associated with 
numerous detrimental health outcomes for older adults. These include an increased risk of 
osteoporosis, falls and fractures, and cardio-metabolic related disorders and mortality [1-6]. 
Identifying strategies to maintain muscle mass, strength and function is thus critical to 
prevent disease and maintain independence and quality of life into older age [7]. Progressive 
resistance training (PRT) and challenging balance and mobility activities have been shown to 
improve these outcomes in older adults [8]. However, many older adults do not undertake 
regular muscle-strengthening exercise programs [9]. Even in those that do, these exercise 
routines only make up a small portion of their day. Conversely, sitting time is a high exposure 
activity among older adults, with research indicating older adults spend on average, over nine 
hours sitting each day [10]. Given the large body of work elucidating the importance of 
reducing sitting time on cardio-metabolic health [11], it is important to further examine the 
association of sitting with other health outcomes such as risk of (pre)sarcopenia, poor muscle 
strength and impaired functional capacity.  
There is some evidence that time spent sedentary (i.e. sitting or reclining with low energy 
expenditure [12]) may detrimentally impact on the physical function of older adults. A study 
of 4,015 men and women observed that, compared with those in the highest quartile of sitting 
time, those in the lowest quartile had significantly faster gait speed and performed a greater 
number of sit-to-stand transitions [13]. However, others have failed to observe any 
association of sedentary time with function in older adults [14, 15]. The pattern of sedentary 
behaviour also appears to play an important role in terms of health outcomes. While limited 
in number, studies investigating the association between prolonged sitting time and muscle 
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mass, strength and function in older adults living independently in the community often 
examine the construct of breaks or interruptions in sitting time, with a higher number of 
breaks suggesting less prolonged sitting. Results to date indicate that a higher number of 
daily breaks in sitting may be associated with greater lower-body muscle strength [16] and 
increased muscle power [15], consistent with the concept that a break in sitting requires effort 
to rise from a seated posture. Breaks in sitting time have also been associated with reduced 
total and lower-body fat mass [14], although its effects on muscle mass and size remains 
uncertain. However, further research is needed in this area, particularly with objective, 
posture-based measures of sitting time. 
Key gaps in the literature include the lack of studies investigating the association of sedentary 
time with body composition more broadly in older adults; and, the impact of chronic 
inflammation in the association of sitting time with muscle mass, strength and function. 
Previous studies have observed that sedentary time is associated with increased levels of 
inflammatory markers, some even after adjustment for moderate-to-vigorous physical activity 
and levels of obesity (BMI) [17]. In addition, chronic inflammation has been shown to be 
associated with poor physical function in some studies [18], and has been implicated as a 
causative factor for sarcopenia [19]. However, to our knowledge no studies have investigated 
inflammation as a potential mediator in the association of sitting time with muscle mass, 
strength and function. 
The primary aim of this study was to examine the associations of objectively assessed total 
daily sitting time and number of breaks in sitting time with muscle mass, strength, function, 
pre-sarcopenia, and markers of systemic inflammation in community-dwelling men and 
women aged 60 years and older. A secondary aim was to examine inflammation as mediator 
of the above associations.   
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METHODS 
Study Design and Participants 
This is a cross-sectional study using baseline data from a 24-week community-based 
randomised controlled trial involving healthy community-dwelling men and women aged 60 
years and over that was conducted within the Institute for Physical Activity and Nutrition at 
Deakin University (Melbourne, Australia). Details of the trial, which was designed to 
examine the effects of exercise combined with additional dietary protein on muscle and 
cognitive health, have been previously published [20]. Briefly, recruitment for the trial was 
conducted through local newspaper and magazine advertisements, word of mouth, flyer 
distribution and presentations at local community centres across two cohorts over a two-year 
period. Participants were eligible if they were aged 65 years or more. Interested participants 
were initially screened for eligibility over the phone and excluded if they: currently 
participated in structured PRT >1 week or participate in regular moderate intensity physical 
activity ≥150minutes/week in the past 3 months; have a body mass index (BMI) >40; 
currently take insulin to treat diabetes; have had any hip or spine fractures within the last year 
which would prevent them from being able to fully participate in the PRT program; and/or if 
they have any chronic conditions including renal impairment, liver disease, digestive 
disorders, cancer and arthritis. Those still eligible were then required to complete the 
Geriatric Depression Scale (GDS) [21] and Short Portable Mental Status Questionnaire 
(SPMSQ) [22] to evaluate whether they were cognitively intact and had no signs of 
depression, as well as attend a local pathology clinic to have their renal function evaluated 
from a fasted, morning blood sample. Participants were excluded if they scored greater than 6 
(range - ) on the GDS, greater than 2 on the SPMSQ), and if their estimated glomerular 
filtration rate (eGFR) was <45 ml/min/1.73m2. Finally, those still eligible were required to 
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obtain medical clearance from their general practitioner. Of the 154 participants recruited for 
the larger study, 123 provided activPAL3TM data and were thus included in this analysis. 
Participants wore the activPAL3 as part of the baseline assessment, prior to randomisation 
into the intervention or control group. Informed written consent was obtained from all 
participants and ethics approval was provided by the Deakin University Human Research 
Ethics Committee (HREC 2013-166).  
Measurements 
Sociodemographic variables 
Age, sex, ethnicity (Caucasian vs other), marital status (married/de Facto vs other), number 
and type of chronic diseases, and number of prescription medications were obtained via 
questionnaire. Height and weight were measured using standard procedures, with BMI 
calculated as weight divided by height (in metres) squared. BMI categories were defined as 
(in kg/m2): <18.5 underweight, 18.5 to <25 normal weight, 25 to <30 overweight, >=30 
obese.  
Sedentary time 
The activPAL3TM monitor is a small device that classifies raw activity data into periods spent 
sitting/lying, standing, and stepping (i.e., walking) at a variety of speeds, as well as recording 
step count. This monitor has been shown to be valid and reliable [23] for both adults and 
older adults [24]. The monitor procedure and data processing procedures have been described 
in detail previously [25]. Briefly, the monitor was initialised and fitted to the anterior midline 
of the participants’ right thigh. Participants were instructed to wear it continuously (24 
hours/day) for seven consecutive days, complete a sleep wear diary, and post the monitor and 
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diary back to the research staff in a reply-paid envelope. The data were downloaded using the 
proprietary software (version 6.3.1).  
Monitor data were processed with SAS 9.3 (SAS Institute Inc., Cary, NC, USA) using 
customized programs that combined activPAL3TM and diary data. All data were visually 
inspected and corrected as required for any unreported long removal periods. Wear days were 
considered valid if participants wore the monitor for >80% of reported waking hours, or ≥10 
hours if awake time was not reported in the diary. For each valid day, total waking wear time, 
total sitting, total stepping time and number of breaks in sitting time (i.e., sit-to-stand 
transitions) were calculated. All activPAL3TM measures were standardised for waking wear 
time by the residuals method [26]. Sitting time was examined as hours/day. Breaks in sitting 
time were examined per ten transitions each day.  
Body composition  
Total body and regional (arms and legs) lean tissue mass (LM, kg), percentage total body LM 
(LM divided by weight multiplied by 100), fat mass (FM, kg) and percentage body fat (%BF) 
were assessed using dual-energy x-ray absorptiometry (DXA) (Lunar Prodigy; GE Lunar 
Corp; software version 12.30.008). Appendicular skeletal muscle mass (ASM, kg) was 
defined as the sum of lean mass of the arms and legs. Relative ASM (RASM) was calculated 
as ASM/height(m)2 [15].  
Muscle strength and functional performance 
Lower-limb muscle strength was assessed using the valid and reliable [27] knee extensor 
strength (KES) test (kg) using Lords strap assembly and the 1-repetition maximum (1-RM) 
bilateral leg press [28]. Previously validated tests were used to assess dynamic standing 
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balance and mobility (four square step test [FSST]; in seconds) [29], functional muscle 
strength (30 second sit-to-stand [30STS]; number of transitions performed) [30], dynamic 
balance (3-meter timed up-and-go with dual task (counting backwards by 3’s from a random 
number) [TUG-DT]; measured in seconds) [31], and gait speed (4-meter walk test [4MWT]; 
measuring in m/s) [32].  
Pre-sarcopenia  
While various definitions of sarcopenia and pre-sarcopenia have been investigated [33], pre-
sarcopenia is often referred to as low muscle mass (below a given threshold) without function 
and strength impairments [34]. In this study, two definitions of pre-sarcopenia were 
investigated. First, the European Working Group on Sarcopenia in Older People (EWGSOP) 
definition was used which defines pre-sarcopenia as RASM < 7.86 kg/m2 for men and < 5.45 
kg/m2 for women [34]. Second, the Foundation of National Institutes of Health (FNIH) 
definition was used which takes into account BMI and defines pre-sarcopenia as an 
ASM/BMI of < 0.789 for men and < 0.512 for women [35].  
Inflammatory markers 
Fasted morning (8-10am) blood samples were collected and detailed information on the 
collection of inflammatory markers can be found elsewhere [28]. Briefly, serum aliquots 
were collected and stored at -80˚C and the following markers were assessed. Serum 
interleukin (IL)-6 (IL-6), IL-8, IL-10 and tumor necrosis factor-alpha (TNF-α) were 
measured using the Milliplex T Cell high-sensitivity human cytokine panel (Millipore 
Billerica, MA USA) as per manufacturers’ recommendations. Serum adiponectin was assayed 
using a Procarta kit (Affymetrix Fremont CA USA). Any measure falling below the detection 
threshold were assigned the value for the assay’s lowest detectable limit (IL-6, 0.16 pg/ml, 
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IL-8, 0.06 pg/ml; IL-10, 0.40 pg/ml; TNF-α, 0.07 pg/ml; adiponectin, 0.20 μg/ml). A 
composite z-score for inflammation was derived by first calculating a z-score for each 
inflammatory marker and summing them. IL-10 and adiponectin were subtracted as they are 
classified as anti-inflammatory cytokines (i.e., z-composite = [z_IL6 + z_IL8 + z_TNFa] –
[z_IL-10 + z_adiponectin]). 
Statistical analyses 
Data processing and analyses were undertaken using Stata (version 13, College Station, TX, 
Stata Corporation). Statistical signiﬁcance was set at P < 0.05 for main effects; tests were 
two-sided. Descriptive statistics are presented as means and standard deviations (SD) for 
normally distributed data, median (interquartile range) for non-normal continuous data, or 
percentages for categories. Partial correlations were used to explore the relationships between 
age and the outcome measures of body composition, muscle strength, functional 
performance, and inflammation, adjusting for sex. Linear regression analyses were used to 
examine the relationship between sitting time and breaks in sitting with the various outcome 
measures described above. Logistic regression analyses were used to examine the relationship 
of total sitting and breaks in sitting time with odds of being pre-sarcopenic [odds ratio (OR) 
with 95% confidence interval]. To conform to modelling assumptions (normality and 
heteroscedasticity), TUG-DT, 4MWT, and KES were log-transformed. Other models did not 
display issues of non-normality, non-linearity or heteroscedasticity. Visual examination of 
residuals plots and Cook’s distance were used to assess the presence of outliers. Three 
models were examined: model 1 adjusted for age and sex; model 2 adjusted for model 1 plus 
ethnicity (Caucasian vs other), marital status (married/de facto vs other), total number of 
medications taken, current smoking status, vitamin D (nmol.L), and stepping time 
(mins/day); and model 3 adjusted for model 2 plus total body fat mass. The primary model of 
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interest was model 2. Where body composition measures were the dependent variable, only 
models 1 and 2 were investigated to avoid issues of multicollinearity (assessed via VIF). 
There was no gender interaction between the main outcome variables with either total sitting 
time or breaks in sitting time; thus, the data for men and women were pooled. To examine 
inflammation as a mediator, an additional model (model 4) was performed, which consisted 
of model 3 plus the inflammation composite z-score. Results in model 4 were not markedly 
different to model 3 with similar effect sizes and are presented in Supplemental Digital 
Content Table 1.  
RESULTS 
Participants 
A total of 123 participants had complete data on all activity and outcome measures (Tables 1 
and 2). Participants were aged 65 to 84 years (mean 71 years) and mostly female (63%). The 
average BMI was 28 kg.m2, 16% of participants were classified as pre-sarcopenic based on 
both the EWGSOP and FNIH definitions, with 88% taking at least one prescriptive 
medication. Participants spent an average of 9.7 hours sitting each day and made an average 
47 sit-stand transitions each day.  
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Table 1. Sociodemographic and health characteristics of participants from the STEPS study  
 (n=123).  
Values represent mean (SD) or number (n) with percentage. BMI, body mass index; RASM, relative 
appendicular skeletal muscle mass; EWGSOP, European Working Group on Sarcopenia in Older People; FNIH, 
Foundation of National Institutes of Health; MHC, mental health component summary score from SF-36; PHC, 
physical health component summary score from SF-36. 
 
Association of age with outcome measures  
Older age was significantly associated with lower total body fat mass (r = -0.27; P<0.01), 
lean mass (r = -0.29; P =0.01), RASM (r = -0.20; P <0.05), percentage fat mass (r = -0.20; P 
<0.05), and percentage lean mass (r = 0.19; P<0.05), as well as poorer muscle strength (leg 
press 1-RM test; r = -0.39; P<0.001), dynamic balance and mobility (FSST; r = 0.34; 
P<0.01), and gait speed (r = -0.24; P <0.01). There were no significant associations between 
age and ASM/BMI (r = -0.04; P =0.69), KES (r = -0.10; P=0.26), 30-STS (r = -0.14; 
P=0.12), or the inflammation composite score (r = 0.01; P=0.89). 
Characteristic Total 
Men 
N=45 
Women 
N=78 
Age 70.9 (4.2) 71.7 (4.8) 70.4 (3.7) 
Ethnicity, Caucasian 102 (82.9) 37 (82.2) 65 (83.3) 
Married/de Facto 58 (47.2) 33 (73.3) 25 (32.1) 
Height, cm 165.1 (8.9) 172.4 (7.4) 160.9 (6.8) 
Weight, kg 76.7 (17.7) 83.1 (17.9) 73.0 (16.6) 
BMI, kg/m2 28 (5.4) 27.8 (5.2) 28.1 (5.6) 
     Normal (18.5-25 kg/m2) 43 (35) 15 (33.3) 28 (35.9) 
     Overweight (>25-30 kg/m2) 40 (32.5) 17 (37.8) 23 (29.5) 
     Obese (>30kg/m2) 40 (32.5) 13 (28.9) 27 (34.6) 
Number of prescription medications, n (%)    
     0 15 (12.2) 7 (15.6) 8 (10.3) 
     1-3 66 (53.7) 26 (57.8) 40 (51.3) 
     ≥4 42 (34.1) 12 (26.7) 30 (38.5) 
Vitamin D,  nmol/L 84.1 (26.0) 82.2 (20.6) 85.2 (27.8) 
MHC Summary, SF-36 52.1 (8.2) 51.4 (8.5) 52.6 (8.0) 
PHC Summary, SF-36 48.2 (8.2) 50.6 (6.6) 46.9 (8.7) 
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Table 2. Physical activity, sedentary behaviour, body composition, physical function, and 
inflammation characteristics of participants from the STEPS study (n=123).  
Values represent mean (SD), median (interquartile range [IQR]) or number (n) with percentage. MVPA, 
moderate to vigorous physical activity; RASM, relative appendicular skeletal muscle mass; EWGSOP, 
European Working Group on Sarcopenia in Older People; FNIH, Foundation of National Institutes of Health. 
 
 
 
Characteristic Total Men Women 
MVPA, min/day 67.5 (26.8) 71.3 (25.5) 65.4 (27.4) 
activPAL3 activity variables    
     Total sitting time, h/day 9.7 (1.8) 9.9 (1.9) 9.6 (1.8) 
     Stepping time, h/day 1.8 (0.6) 1.9 (0.6) 1.8 (0.6) 
     Sit-stand transitions/day 47.8 (12.4) 48.0 (12.4) 47.7 (12.4) 
Body composition    
     Total body fat mass, kg 29.0 (11.8) 25.1 (10.3) 31.3 (12.1) 
     Percentage fat mass, % 37.4 (6.7) 29.4 (6.7) 42.1 (7.9) 
     Total body lean mass, kg 44.2 (10.2) 54.2 (8.5) 38.3 (5.5) 
      Percentage lean mass, % 58.4 (9.3) 66.3 (6.6) 53.8 (7.5) 
     RASM, kg/m2 7.0 (1.3) 8.2 (1.1) 6.4 (0.9) 
     ASM/BMI, kg/BMI 0.7 (0.2) 0.9 (0.1) 0.6 (0.1) 
Pre-sarcopenic EWGSOP 20 (16.3) 10 (22.2) 10 (12.8) 
Pre-sarcopenic FNIH 20 (16.3) 7 (15.6) 13 (16.7) 
Muscle strength     
     Knee extensor strength, kg 25.2 (11.2) 32.9 (11.7) 20.8 (8.1) 
     Leg press maximal strength, kg 128.7 (51.2) 166.2 (50.0) 106.8 (39.0) 
Muscle Function    
     Timed up-and-go (dual task), sec 11.3 (4.6) 10.9 (4.3) 11.6 (4.7) 
     Gait speed, m/s2 1.4 (0.2) 1.4 (0.2) 1.4 (0.2) 
     Four square step test, sec 8.5 (1.4) 8.9 (1.8) 8.3 (1.1) 
     30-second sit-to-stand, n 12.3 (2.4) 12.9 (2.2) 12.0 (2.5) 
Pro-inflammatory cytokines, pg/ml     
    Interleukin-6 2.5 (1.6, 4.7) 2.8 (1.6, 5.4) 2.5 (1.6, 4.6) 
    Interleukin-8 13.4 (9.5, 19.6) 11.9 (9.5, 19.3) 13.4 (9.5, 19.6) 
    TNF-α 9.7 (7.9, 12.1) 9.1 (7.2, 11.1) 10.2 (8.2, 12.4) 
Anti-inflammatory cytokines, pg/ml      
    Interleukin-10 6.1 (3.2, 14.7) 7.4 (3.5, 16.8) 5.6 (3.2, 14.0) 
    Adiponectin 3.9 (2.6, 6.4) 3.2 (2.4, 4.5) 4.4 (3.0, 7.8) 
Inflammation z-score -0.2 (-1.1, 0.6) -0.7 (-1.1, 0.6) -0.1 (-1.1, 0.6) 
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Association of total sitting time and breaks in sitting time with body composition  
As shown in Table 3, multivariate regression analysis showed that total sitting time was 
positively associated with total body fat mass (β = 2.92 kg, 95% CI: 1.94, 3.30), lean mass (β 
= 1.18 kg, 95% CI: 0.56, 1.79), and percentage body fat (β = 1.79 %, 95% CI: 1.13, 2.45). 
However, sitting time was inversely associated with percentage lean mass (β = -1.70 %, 95% 
CI: -2.30, -1.10).  
Table 3. Unstandardized regression coefficients (β) of activPAL3 measured sitting time and 
per 10 sit-stand transitions with total body fat and lean mass, relative appendicular skeletal 
muscle mass (RASM), and percentage body fat in older adults.  
 Total sitting time 
(hours per day)                             
β-coefficient (95% CI) 
Per 10 sit-stand                  
transitions                                       
β-coefficient (95% CI) 
Total body fat mass, kg   
     Model 1 2.92 (1.94, 3.90)*** -1.54 (-2.94, -0.15)* 
     Model 2 1.93 (0.71, 3.15)** -0.34 (-1.9, 1.22) 
Total body lean mass, kg   
     Model 1 1.18 (0.56, 1.79)*** -0.17 (-1.06, 0.72) 
     Model 2 1.2 (0.44, 1.96)** 0.31 (-0.66, 1.29) 
RASM   
     Model 1 0.10 (0.00, 0.19)* -0.06 (-0.19, 0.08) 
     Model 2 0.07 (-0.05, 0.19) 0.01 (-0.14, 0.17) 
ASM/BMI, kg   
     Model 1 -0.01 (-0.02, 0.00) 0.01 (0.00, 0.03) 
     Model 2 0.00 (-0.01, 0.02) 0.01 (0.00, 0.03) 
% Body fat   
     Model 1 1.79 (1.13, 2.46)*** -1.24 (-2.18, -0.3)* 
     Model 2 1.07 (0.21, 1.92)* -0.65 (-1.74, 0.44) 
% Lean Mass   
     Model 1 -1.70 (-2.30, -1.10)*** 1.33 (0.23, 2.04)* 
     Model 2 -1.01 (-1.83, -0.19)* 0.59 (-0.46, 1.63) 
* P<0.05 ** P<0.01, ***P<0.001. RASM, Relative appendicular skeletal mass. All values represent unadjusted 
beta-coefficients (β) with 95% confidence intervals. Model 1 adjusted for age and gender; Model 2 adjusted for 
Model 1 plus ethnicity, highest level of schooling, current employment status, marital status, number of 
prescription medications, smoking status, and stepping time. 
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Association of total sitting time and breaks in sitting time with muscle strength and 
functional performance 
Table 4 shows the association of total sitting time with measures of muscle strength and 
function. There was a significant and detrimental association of sitting time with the FSST (β 
= 0.13, 95% CI: 0.00, 0.25) and 30STS performance (β = -0.28, 95% CI: -0.51, -0.04) in 
models 1 and 2. Breaks in sitting time were associated with lower muscle strength (leg press 
1-RM; (β = -6.32, 95% CI: -11.95, -0.69) in model 1, but this was attenuated in fully adjusted 
models.  
Association of total sitting time and breaks in sitting time with pre-sarcopenia 
There was no statistically significant association between total sitting time and the EWGSOP 
and FNIH definitions of pre-sarcopenia (Table 5). Conversely, more breaks in sitting time 
were associated with lower odds of having pre-sarcopenia according to the FNIH definition. 
For each 10 transitions per day, there was a 45% (model 1) lower odds of being pre-
sarcopenic, with confidence intervals indicating up to 66% lower odds. However, results 
were attenuated in subsequent models. 
Sitting time and inflammation 
Total sitting time and breaks in sitting time were not associated with the composite 
inflammatory z-score (model 1: sitting β [95%CI]: -0.02 (-0.19, 0.23); breaks in sitting: -0.03 
(-0.35, 0.30)). Confidence intervals were largely unchanged in models 2 and 3. Diagnostic 
plots of residuals and calculation of Cook’s distance identified six observations that exerted a 
large influence on parameter estimates (Cook’s distance >4/n). Sensitivity analyses 
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conducted with removal of these points did not significantly change the effect sizes and 
associations remained non-statistically significant. 
Table 4. Unstandardized regression coefficients (β) of activPAL3 measured sitting time and 
per 10 sit-stand transitions with muscle strength and functional performance in 123 older 
adults. 
 Total sitting time 
(hours per day) 
β-coefficient (95% CI) 
Per 10 sit-stand                               
transitions                                           
β-coefficient (95% CI) 
FSST, seconds   
     Model 1 0.13 (0.00, 0.25)¥ 0.06 (-0.13, 0.25) 
     Model 2 0.15 (-0.02, 0.32) -0.01 (-0.23, 0.20) 
     Model 3 0.16 (-0.01, 0.33) -0.02 (-0.23, 0.20) 
TUG, seconds a   
     Model 1 0.97 (0.91, 1.03) 1.00 (0.92, 1.10) 
     Model 2 1.01 (0.93, 1.10) 1.08 (1.05, 1.12) 
     Model 3 1.02 (0.94, 1.11) 0.95 (0.86, 1.05) 
Gait speed, m/s a   
     Model 1 0.98 (0.95, 1.01) 1.00 (0.95, 1.04) 
     Model 2 0.99 (0.95, 1.03) 0.98 (0.97, 1.00) 
     Model 3 0.99 (0.95, 1.03) 1.01 (0.96, 1.06) 
KES, kg a   
     Model 1 1.02 (0.93, 1.12) 0.94 (0.82, 1.07) 
     Model 2 1.01 (0.89, 1.14) 0.98 (0.94, 1.02) 
     Model 3 1.02 (0.89, 1.16) 1.02 (0.68, 1.53) 
30STS, number   
     Model 1 -0.28 (-0.51, -0.04)* 0.10 (-0.24, 0.45) 
     Model 2 -0.32 (-0.64, -0.01)* 0.26 (-0.14, 0.67) 
     Model 3 -0.24 (-0.57, 0.08) 0.25 (-0.15, 0.65) 
Leg press 1-RM, kg   
     Model 1 1.61 (-2.33, 5.56) -6.32 (-11.95, -0.69)* 
     Model 2 0.35 (-4.76, 5.46) -4.09 (-10.63, 2.44) 
     Model 3 -2.21 (-7.29, 2.86) -3.61 (-9.84, 2.63) 
¥ P=0.055, £ P=0.056, * p<0.05.  
a Back-transformed from the log scale, values represent Relative Rate with 95% confidence interval (CI). All 
other values represent unadjusted beta-coefficients (β) with 95% CIs. Model 1 adjusted for age and gender; 
Model 2 adjusted for Model 1 plus ethnicity, highest level of schooling, current employment status, marital 
status, number of prescription medications, smoking status, vitamin D and stepping time; Model 3 adjusted for 
model 2 plus total body fat mass. 
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Table 5. Odds ratio (95% confidence interval) for activPAL3 measured sitting time and per 
10 sit-stand transitions with pre-sarcopenia and sarcopenia in 123 older adults. 
Pre-sarcopenic 
Total sitting time 
(hours per day) 
Odds ratio (95% CI) 
Per 10 sit-stand                        
transitions                                       
Odds ratio (95% CI) 
EWGSOP definitiona   
     Model 1 0.91 (0.69, 1.19) 1.20 (0.82, 1.76) 
     Model 2 0.94 (0.65, 1.35) 0.95 (0.59, 1.54) 
     Model 3 1.25 (0.82, 1.9) 0.83 (0.48, 1.45) 
FNIH definitionb   
     Model 1 0.98 (0.74, 1.29) 0.55 (0.34, 0.91)* 
     Model 2 0.75 (0.52, 1.08) 0.63 (0.37, 1.08) 
a EWGOSOP, European Working Group on Sarcopenia in Older People; b FNIH, Foundation of National 
Institutes of Health. * p<0.05 Model 1 adjusted for age and gender; Model 2 adjusted for Model 1 plus ethnicity, 
highest level of schooling, current employment status, marital status, number of prescription medications, 
smoking status, vitamin D, and stepping time; Model 3 adjusted for model 2 plus total body fat mass. 
 
DISCUSSION 
The purpose of this study was to examine the associations of sitting time and breaks in sitting 
with muscle mass, strength and function, as well as pre-sarcopenia, in healthy community-
dwelling older adults. It was observed that each hour of sitting per day was associated with 
lower muscle mass, while more frequent breaks in sitting time were associated with lower 
odds of having pre-sarcopenia (according to the FNIH definition that adjusts for BMI). These 
associations persisted after adjusting for various sociodemographic and health variables, 
including physical activity. A novel aspect of this study was the measurement of systemic 
inflammation and evaluation of its association with sitting and breaks in sitting. Here, no 
significant association was observed, nor was systemic inflammation found to be a significant 
mediator of other relationships. From a public health perspective, this study adds to the 
growing body of literature that supports the inclusion of interruptions to sedentary time into 
the physical activity guidelines for older adults [36].  
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Investigating the associations of sitting time and breaks in sitting time with body composition 
is important given that both gains in fat mass and muscle loss are associated with a range of 
common chronic diseases and can contribute to reduced functional capacity, a loss of 
independence and reduced quality of life in older adults and the elderly [1]. The results of this 
study found that each additional hour of sitting per day was associated with higher total body 
fat mass and percentage body fat, even after adjusting for various demographic and health 
factors including stepping time (as an estimate of habitual physical activity). Conversely, 
breaks in sitting time were associated with decreased fat mass and percentage body fat, 
although these associations did not persist in models that adjusted for other health variables. 
While sitting time was positively associated with total body lean mass, it was in fact inversely 
associated with lean mass percentage. A possible explanation for these findings is that 
individuals with higher fat mass often have higher lean mass due to the increased loading 
stimulus of regularly carrying more weight [14]. These observations are largely consistent 
with a number of previous studies [14, 15, 37] and, taken together, indicate that sitting time 
patterns do play a role in determining body composition in older adults and should be further 
investigated as an intervention target.   
A growing number of studies have also observed a deleterious relationship between sedentary 
time and various measures of muscle strength and functional performance in both young and 
older adults [15, 38-41]. However, a limitation with many of these studies is that they 
measure sedentary time via questionnaire or wrist or hip worn accelerometers, which estimate 
sedentary time based on energy expenditure (i.e., METs) [42]. These monitoring methods 
tend to overestimate sitting time by grouping sitting and standing into the same category. An 
important strength of this study was the use of a posture-based monitor to objectively 
measure sitting and lying posture. Using this device, few statistically significant associations 
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of sitting and breaks in sitting with muscle strength, balance, gait speed and functional 
mobility were observed. Consistent with these findings, Gianoudis et al (2014) [15] found 
that neither total sitting time nor TV viewing time assessed by questionnaire was associated 
with any measure of lower limb muscle strength, power or function in 162 community-
dwelling men and women aged 60-86 years. The lack of statistically significant associations 
in our study may be a product of the relatively healthy older cohort recruited. While the 
recorded sedentary time (mean 9.7 hours/day) is in line with previous literature [43], 
participants displayed little evidence of impaired physical function. For example, no 
participant had gait speed <0.8 or <1.0 m/s; speeds often used to indicate impaired function, 
and mean 30 STS and TUG performance scores were in line with previous published 
normative data [44]. Studies investigating these associations in clinical samples, as well as 
prospectively, are required to attain a more comprehensive understanding of the relationship 
between sitting and various measures of function.  
To our knowledge, this was one of the first studies to examine the relationship of sedentary 
time using an objective posture monitor with pre-sarcopenia and circulating levels of 
inflammation in a community-dwelling older adult population. No statistically significant 
associations were observed between sitting time or breaks in sitting with pre-sarcopenia 
based on the EWGSOP definition. Conversely, it was observed that each 10 sit-to-stand 
transitions per day was associated with 45% lower odds of having pre-sarcopenia according 
to the FNIH definition that is based on ASM relative to BMI. This discrepancy suggests that 
fat mass or body size plays an important role in this association; however, further 
investigations are needed as associations were attenuated in models with more covariates. 
Interestingly, systemic inflammation, which is often linked with obesity [45], was not 
associated with sitting time or breaks in sitting, nor was it found to be a mediator of the 
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relationship between sitting time and the other health outcomes investigated. As previously 
mentioned, this is likely due to the fact that the participants were generally healthy 
community-dwelling older adults. While several previous studies have observed a 
relationship between sedentary time and breaks in sedentary time with sarcopenia [15] and 
systemic inflammation [17], these studies were conducted in older [46] and higher risk 
populations (i.e. adults at risk of impaired glucose regulation) [17]. Another possible 
explanation for the contrasting findings may relate to differences in the measurement of 
sedentary time (self-report vs posture monitor) and sarcopenia. Various definitions of 
sarcopenia often yield differing prevalence levels, which may be a contributing factor to the 
lack of consistency in observations [47]. 
The strengths of this study include the objective assessment of total sitting time and breaks in 
sitting time with a posture-based monitor, which is more accurate at distinguishing between 
sitting and light activity than hip or wrist worn accelerometers [48]. The use of objectively 
assessed measures of muscle strength, function, body composition, and inflammation are also 
important strengths. Additionally, the models in this study adjusted for several key lifestyle 
factors, including various inflammatory markers which have been implicated in muscle loss, 
sarcopenia and impaired function. However, there are a number of limitations. This was a 
cross-sectional study, precluding inferences regarding causality: longitudinal studies are 
required. There is also lack of generalisability beyond the demographics of healthy, 
community-dwelling older adults aged 65 years or over with low levels of chronic disease 
and inflammation. To this effect, descriptive information on other clinical characteristics, 
such as malnutrition and activities of daily living, was not collected. Second, we were not 
able to use the current diagnostic criteria for sarcopenia due to low prevalence in our cohort. 
Third, the number of participants classified as pre-sarcopenic based on lower lean mass alone 
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was also relatively small, and thus important relationships may have been missed. Finally, 
habitual sedentary time may not have been sufficiently captured with the 7-day wear 
protocol; however, studies have indicated that 6-8 days of monitoring are appropriate to 
reliably estimate sedentary time when adjustments for monitor wear time are made [49].  
In summary, this study observed that sitting time and breaks in sitting were associated with 
muscle mass, strength and pre-sarcopenia. A novel aspect of this study was the use of a 
posture-monitor to assess sitting time and the evaluation of inflammation in these 
relationships, with findings showing that systemic inflammation was not associated with 
sitting or breaks in sitting in this sample of healthy community-dwelling older adults. Future 
studies are needed to determine the optimal behaviour to replace sitting (e.g., standing, light 
walking, etc.), and the minimum reduction in sitting time required for a muscle health and 
function benefit. More studies are also needed to evaluate the impact of adiposity and body 
composition more broadly on the pathophysiology of the sitting–function association.  
Chapter 4 
105 
 
References 
1. Roubenoff R (2004) Sarcopenic Obesity: The Confluence of Two Epideminc. Obes 
Res 12:887-888 
2. Tarantino U, Baldi J, Celi M, Rao C, Liuni FM, Iundusi R, Gasbarra E (2013) 
Osteoporosis and sarcopenia: the connections. Aging Clin Exp Res 25 Suppl 1:S93-95 
3. Landi F, Liperoti R, Russo A, Giovannini S, Tosato M, Capoluongo E, Bernabei R, 
Onder G (2012) Sarcopenia as a risk factor for falls in elderly individuals: results from the 
ilSIRENTE study. Clin Nutr 31:652-658 
4. Landi F, Cruz-Jentoft AJ, Liperoti R, Russo A, Giovannini S, Tosato M, Capoluongo 
E, Bernabei R, Onder G (2013) Sarcopenia and mortality risk in frail older persons aged 80 
years and older: results from ilSIRENTE study. Age Ageing 42:203-209 
5. Landi F, Calvani R, Ortolani E, Salini S, Martone AM, Santoro L, Santoliquido A, 
Sisto A, Picca A, Marzetti E (2017) The association between sarcopenia and functional 
outcomes among older patients with hip fracture undergoing in-hospital rehabilitation. 
Osteoporos Int 28:1569-1576 
6. Phillips A, Strobl R, Vogt S, Ladwig KH, Thorand B, Grill E (2017) Sarcopenia is 
associated with disability status-results from the KORA-Age study. Osteoporos Int 28:2069-
2079 
7. Paterson DH, Warburton DER (2010) Physical activity and functional limitations in 
older adults: a systematic review related to Canada's Physical Activity Guidelines. Int J 
Behav Nutr Phys Act 7:38-60 
8. Sherrington C, Michaleff ZA, Fairhall N, Paul SS, Tiedemann A, Whitney J, 
Cumming RG, Herbert RD, Close JC, Lord SR (2016) Exercise to prevent falls in older 
adults: an updated systematic review and meta-analysis. Br J Sports Med  
9. Bennie JA, Pedisic Z, van Uffelen JG, Charity MJ, Harvey JT, Banting LK, Vergeer I, 
Biddle SJ, Eime RM (2016) Pumping Iron in Australia: Prevalence, Trends and 
Sociodemographic Correlates of Muscle Strengthening Activity Participation from a National 
Sample of 195,926 Adults. PLoS One 11:e0153225 
10. Harvey JA, Chastin SF, Skelton DA (2014) How Sedentary are Older People? A 
Systematic Review of the Amount of Sedentary Behavior. Journal of aging and physical 
activity 23:471-487 
11. de Rezende LF, Rodrigues Lopes M, Rey-Lopez JP, Matsudo VK, Luiz Odo C (2014) 
Sedentary behavior and health outcomes: an overview of systematic reviews. PLoS One 
9:e105620 
Chapter 4 
106 
 
12. Sedentary Behaviour Research Network (2012) Standardized use of the terms 
“sedentary” and “sedentary behaviours”. Appl Physiol Nutr Metab 37:540-542 
13. Keevil VL, Cooper AJ, Wijndaele K, Luben R, Wareham NJ, Brage S, Khaw KT 
(2016) Objective Sedentary Time, Moderate-to-Vigorous Physical Activity, and Physical 
Capability in a British Cohort. Med Sci Sports Exerc 48:421-429 
14. Chastin SF, Ferriolli E, Stephens NA, Fearon K, Greig C (2012) Relationship between 
sedentary behaviour, physical activity, muscle quality and body composition in healthy older 
adults. Age Ageing 41:111-114 
15. Gianoudis J, Bailey CA, Daly RM (2014) Associations between sedentary behaviour 
and body composition, muscle function and sarcopenia in community-dwelling older adults. 
Osteoporos Int 26:571-579  
16. Sardinha LB, Santos DA, Silva AM, Baptista F, Owen N (2015) Breaking-up 
sedentary time is associated with physical function in older adults. J Gerontol A Biol Sci Med 
Sci 70:119-124 
17. Henson J, Yates T, Edwardson CL, Khunti K, Talbot D, Gray LJ, Leigh TM, Carter P, 
Davies MJ (2013) Sedentary time and markers of chronic low-grade inflammation in a high 
risk population. PLoS One 8:e78350 
18. Brinkley TE, Leng X, Miller ME, Kitzman DW, Pahor M, Berry MJ, Marsh AP, 
Kritchevsky SB, Nicklas BJ (2009) Chronic inflammation is associated with low physical 
function in older adults across multiple comorbidities. J Gerontol A Biol Sci Med Sci 64:455-
461 
19. Beyer I, Mets T, Bautmans I (2012) Chronic low-grade inflammation and age-related 
sarcopenia. Curr Opin Clin Nutr Metab Care 15:12-22 
20. Daly RM, Gianoudis J, Prosser M, Kidgell D, Ellis KA, O'Connell S, Nowson CA 
(2015) The effects of a protein enriched diet with lean red meat combined with a multi-modal 
exercise program on muscle and cognitive health and function in older adults: study protocol 
for a randomised controlled trial. Trials 16:339 
21. Brink TL, Yesavage JA, Lum O, Heersema PH, Adey M, Rose TL (1982) Screening 
Tests for Geriatric Depression. Clinical Gerontologist 1:37-43 
22. Pfeiffer E (1975) A short portable mental status questionnaire for the assessment of 
organic brain deficit in elderly patients. Journal of the American Geriatrics Society 23:433-
441 
Chapter 4 
107 
 
23. Grant PM, Ryan CG, Tigbe WW, Granat MH (2006) The validation of a novel 
activity monitor in the measurement of posture and motion during everyday activities. Br J 
Sports Med 40:992-997 
24. Grant PM, Dall PM, Mitchell SL, Granat MH (2008) Activty-monitor accuracy in 
measuring step number and cadence in community-dwelling older adults. Journal of Aging 
and Physical Activity 16:201-214 
25. Reid N, Daly RM, Winkler EA, Gardiner PA, Eakin EG, Owen N, Dunstan DW, 
Healy GN (2016) Associations of Monitor-Assessed Activity with Performance-Based 
Physical Function. PLoS One 11:e0153398 
26. Willet WC, Howe GR, Kushi LH (1997) Adjustmentfor total energy intake in 
epidemiologic studies. Am J Clin Nutr 65:1220S-1228S 
27. Bohannon RW (2001) Measuring Knee Extensor Muscle Strength. Am J Phys Med 
Rehabil 80:13-18 
28. Daly RM, Duckham RL, Tait JL, Rantalainen T, Nowson CA, Taaffe DR, Sanders K, 
Hill KD, Kidgell DJ, Busija L (2015) Effectiveness of dual-task functional power training for 
preventing falls in older people: study protocol for a cluster randomised controlled trial. 
Trials 16:120 
29. Dite W, Temple VA (2002) A Clinical Test of Stepping and Change of Direction to 
Identify Multiple Falling Older Adults. Archives of Physical Medicine and Rehabilitation 
83:1566-1571 
30. Jones CJ, Rikli RE, Beam WC (1999) A 30-s chair-stand test as a measure of lower 
body strength in community-residing older adults. Res Q Exerc Sport 70:113-119 
31. Hofheinz M, Mibs M (2016) The Prognostic Validity of the Timed Up and Go Test 
With a Dual Task for Predicting the Risk of Falls in the Elderly. Gerontol Geriatr Med 2:1-5 
32. Kim HJ, Park I, Lee HJ, Lee O (2016) The reliability and validity of gait speed with 
different walking pace and distances against general health, physical function, and chronic 
disease in aged adults. J Exerc Nutrition Biochem 20:46-50 
33. Dawson-Hughes B, Bischoff-Ferrari H (2016) Considerations concerning the 
definition of sarcopenia. Osteoporos Int 27:3139-3144 
34. Cruz-Jentoft AJ, Schneider SM, Topinková E, et al. (2010) Sarcopenia: European 
consensus on definition and diagnosis: Report of the European Working Group on Sarcopenia 
in Older People. Age Ageing 39:412-423 
Chapter 4 
108 
 
35. Studenski SA, Peters KW, Alley DE, et al. (2014) The FNIH sarcopenia project: 
rationale, study description, conference recommendations, and final estimates. J Gerontol A 
Biol Sci Med Sci 69:547-558 
36. Department of Health Web site (2013) Recommendations on physical activity for 
health for older Australians. Australian Government. http://www.health.gov.au  
37. Smith L, Thomas EL, Bell JD, Hamer M (2014) The association between objectively 
measured sitting and standing with body composition: a pilot study using MRI. BMJ open 4: 
38. Santos DA, Silva AM, Baptista F, Santos R, Vale S, Mota J, Sardinha LB (2012) 
Sedentary behavior and physical activity are independently related to functional fitness in 
older adults. Exp Gerontol 47:908-912 
39. Gennuso KP, Gangnon RE, Matthews CE, Thraen-Borowski KM, Colbert LH (2013) 
Sedentary behavior, physical activity, and markers of health in older adults. Med Sci Sports 
Exerc 45:1493-1500 
40. Seguin R, Lamonte M, Tinker L, Liu J, Woods N, Michael YL, Bushnell C, Lacroix 
AZ (2012) Sedentary Behavior and Physical Function Decline in Older Women: Findings 
from the Women's Health Initiative. J Aging Res 2012:10 
41. Rosenberg DE, Bellettiere J, Gardiner PA, Villarreal VN, Crist K, Kerr J (2016) 
Independent Associations Between Sedentary Behaviors and Mental, Cognitive, Physical, 
and Functional Health Among Older Adults in Retirement Communities. J Gerontol A Biol 
Sci Med Sci 71:78-83 
42. Healy GN, Clark BK, Winkler EAH, Gardiner PA, Brown WJ, Matthews CE (2011) 
Measurement of adults' sedentary time in population-based studies. American journal of 
preventive medicine 41:216-227 
43. Wullems JA, Verschueren SM, Degens H, Morse CI, Onambele GL (2016) A review 
of the assessment and prevalence of sedentarism in older adults, its physiology/health impact 
and non-exercise mobility counter-measures. Biogerontology 17:547-565 
44. Rikli RE, Jones CJ (1999) Functional fitness normative scores for community-
residing older adults, ages 60-94. Journal of Aging and Physical Activity 7:162-181 
45. Monteiro R, Azevedo I (2010) Chronic inflammation in obesity and the metabolic 
syndrome. Mediators Inflamm 2010:10 
46. Aggio DA, Sartini C, Papacosta O, Lennon LT, Ash S, Whincup PH, Wannamethee 
SG, Jefferis BJ (2016) Cross-sectional associations of objectively measured physical activity 
and sedentary time with sarcopenia and sarcopenic obesity in older men. Prev Med 91:264-
272 
Chapter 4 
109 
 
47. Yu S, Appleton S, Adams R, Chapman I, Wittert G, Visvanathan T, Visvanathan R 
(2014) The impact of low muscle mass definition on the prevalence of sarcopenia in older 
Australians. BioMed research international 2014:361790 
48. Judice PB, Santos DA, Hamilton MT, Sardinha LB, Silva AM (2015) Validity of 
GT3X and Actiheart to estimate sedentary time and breaks using ActivPAL as the reference 
in free-living conditions. Gait Posture 41:917-922 
49. Aadland E, Ylvisaker E (2015) Reliability of Objectively Measured Sedentary Time 
and Physical Activity in Adults. PLoS One 10:e0133296 
 
Supplemental Digital Content 
Appendix 4C. Supplemental Digital Content Table 1. Unstandardized regression coefficients 
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4.4 Discussion and implications of findings 
In relation to this Thesis, the key finding of the study reported in this Chapter was that in this 
sample of healthy, community-dwelling older adults, sedentary time was not associated with 
any test of physical function with the exception of the 30 second sit-to-stand test. The lack of 
significant associations with the TUG test and gait speed is particularly unexpected given the 
largely consistent findings within the broader literature, as outlined in Section 2.4. With an 
average of 9.7 hours/day spent sitting, these findings are unlikely to be driven by low 
sedentary time in this sample. More likely, and as was the case in the study reported in 
Chapter 3, the sample in the STEPS study was too high functioning, with a lack of variation 
in function, for this association to be present. A more thorough discussion of these findings is 
found in Chapter 8. 
Chapters 3 and 4 examined the associations of sedentary time with physical function in 
community-dwelling adults. The next chapter examines this association in adults living in 
residential aged care (RAC). As discussed in Section 2.1.3, this is an important segment of 
the Australian population; however, little is known about the sedentary patterns of those in 
RAC, with only four identified studies examining the association of sitting time with function 
in this setting (with sample sizes ranging 19 to 307).81,106,111,112 In Chapter 5, self-reported 
sedentary time is used to examine its’ association with function in an Australian cohort of 
RAC residents. To examine temporality, associations are also investigated over an 18-month 
follow-up. 
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CHAPTER 5 
Cross-sectional and follow-up associations of sitting time with 
physical function in aged care residents 
5.1 Introduction 
Chapters 3 and 4 investigated the cross-sectional association of sitting time with various 
measures of physical function in community-dwelling older adults using the activPAL3 
posture monitor. While the use of the posture monitor in these large datasets was unique and 
provided a highly accurate exposure measure, there was limited evidence to support a 
significant association of sitting time with physical function in healthy older adults. Thus, the 
purpose of the study in this Chapter was to examine the association of sedentary time with 
physical function in older adults living in RAC. This is a population who, on average, are 
likely to engage in more sitting and have poorer function than those older adults living within 
the community. 
As described in Section 2.2.3, physical function declines with age and this decline accelerates 
upon entry into RAC.146 In addition, the sitting time of residents in aged care is higher than 
older adults still living at home. A small pilot study conducted by the candidate, published in 
2013, showed that those in RAC sit for an average of 12.4 hours per day (74% of waking 
hours; see Appendix 5A).80 This is approximately three hours longer per day than observed in 
a meta-analysis of community dwelling older adults’ sitting time (9.4 hours).8 The study also 
found that those in RAC have limited variation in activity across days of the week. Further, 
50% of their sitting was accrued in bouts of almost 60 minutes or longer (i.e., prolonged 
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sitting).80 These findings may be associated with a host of detrimental health outcomes, as 
detailed in Section 2.3.4.  
More studies that examine the association of sedentary time with physical function in older 
adults residing in this high risk setting are needed. In addition, understanding if physical 
function can be improved by changes in sedentary patterns begins with the investigation of 
temporality; that is, the examination of what impact sitting time has on function over time. To 
date, this has not been examined in the RAC setting. This chapter aims to address these 
evidence gaps, reporting on findings from the residential aged care study – a study conducted 
in 102 adults residing in 11 aged care homes across South East Queensland, Australia. In this 
study, the association of sitting time with physical function is examined cross-sectionally, as 
well as over an 18-month follow-up period. 
Section 5.2 briefly discusses methodological considerations of the study that go beyond those 
which are reported in the manuscript, including consideration of the study’s strengths and 
limitations. Section 5.3 includes the unformatted manuscript of the study, which was 
published in the Journal of Ageing and Physical Activity in 2017. An overall discussion and 
implication of the findings regarding how the results relate to the aims of this Thesis are 
presented in Section 5.4. 
5.2 RAC study methods and methodological considerations  
The purpose of the RAC study was to examine sarcopenia prevalence and risk factor data 
from old and very old Australians in high and low care RAC centres. This section provides 
greater detail on the recruitment protocols, and strengths and limitations of the study. The 
candidate was a co-author on the associated protocol paper (see Appendix 5B).147  
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5.2.1 Sample selection and protocols 
Eleven purposefully selected RAC facilities within one care organisation and a 100-km radius 
of Bond University, Gold Coast, in South East Queensland, Australia, were identified and 
invited to participate. Detailed information on participant eligibility and exclusion criteria is 
discussed within the manuscript and, therefore, are not repeated here. Eligible participants 
were randomly selected within three levels of care (low- and high-care or residing in a secure 
dementia ward). Randomisation was undertaken using a random number generator 
(http://stattrek.com/statistics/random-number-generator.aspx). Aged care facility staff were 
asked to deliver the study information sheet and consent form to eligible residents who had 
been selected for participation. For residents with dementia, the facility service manager or 
director of nursing was asked to contact the substitute decision maker, inform them of the 
study, and inform them of the need for consent for participation.  
All measures, which are detailed in the methods paper and include demographic, health, 
physical function, cognitive function, nutrition, and participant burden surveys, were 
collected by a research assistant with relevant training in this field.147 These measures were 
collected again 18 months after the baseline assessment. The International Physical Activity 
Questionnaire item assessing sedentary time was used at both baseline and 18 months. A 
subset of participants (n=41) agreed to wear an activPAL3 monitor at baseline only, which 
was organised, implemented and analysed by the candidate. Findings from this sub-study on 
the patterns of sedentary behaviour in the RAC setting were briefly discussed earlier in 
Section 5.1. 
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5.2.2 Strengths and limitations of the RAC study 
A strength of this study was that emphasis was placed on involving key staff members from 
each RAC centre in the recruitment, familiarisation and assessment of each participant.147 
Processes and procedures designed to facilitate data collection in this sensitive population 
were utilised. The research assistant first met with the service manager and resident nurse 
from each facility to ascertain the level of care required for each consenting participant. A 
carer accompanied the research assistant when meeting participants for the first time to help 
establish a sense of security and familiarity. When conducting the physical assessments, the 
carer remained present for high care and dementia patients, assisting in cases with a high falls 
risk. These processes meant that participant burden was low and acceptability was high in 
this study.147  
As detailed in the methods paper,147 an a-priori sample size and power calculation was 
conducted to ascertain the required number of participants in the study to address the primary 
aim of estimating the prevalence and risk factors of sarcopenia in RAC. Based on a 30% 
prevalence rate for sarcopenia in RAC, 95% confidence, ≤5% error, and 30% drop out rate, it 
was estimated that 273 people would need to be recruited into the study. However, almost 
half of the RAC residents were excluded due to ethical (e.g., terminally ill) and safety 
reasons, and despite the recruitment measures implemented, consent was obtained from only 
102 (37%) of the eligible participants (see Figure 5.1 for a CONSORT diagram of study 
recruitment and assessment). 
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Figure 5.1. Project CONSORT diagram of recruitment and assessment.6 
The high ineligibility and non-consent rates are likely to limit the generalisability of findings 
to the Australian RAC population. In addition, data were collected within one organisation 
and one region of Australia. This precludes the ability to investigate organisational 
differences in delivery of care and the effect of remote and rural living on the prevalence of 
sarcopenia and its determinants. The findings from the study reported in the next section 
should be interpreted in light of these limitations. Additional strengths and limitations 
specific to the study are presented within the discussion section of the manuscript. 
                                                 
6 Reprinted with permission from: Henwood TR, Keogh JW, Reid N, Jordan W, Senior HE. Assessing 
sarcopenic prevalence and risk factors in residential aged care: methodology and feasibility. J Cachexia 
Sarcopenia Muscle. 2014;5(3):229-236. 
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Abstract 
This study investigated the association of sitting time with sarcopenia and physical 
performance in Residential Aged Care (RAC) residents at baseline and 18-month follow-up. 
Measures included the International Physical Activity Questionnaire (sitting time), European 
Working Group definition of sarcopenia, and the Short Physical Performance Battery 
(physical performance). Logistic regression and linear regression analyses were used to 
investigate associations. For each hour of sitting the unadjusted odds ratio of sarcopenia was 
1.16 (0.98 - 1.37). Linear regression showed that each hour of sitting was significantly 
associated with a 0.2-unit lower score for performance. Associations of baseline sitting and 
follow-up sarcopenia status and performance were non-significant. Cross-sectionally, 
increased sitting time in RAC may be detrimentally associated with sarcopenia and physical 
performance. Based on current reablement models of care, future studies should investigate if 
reducing sedentary time improves performance among adults in end of life care. 
Key words: Longitudinal; older adults; nursing homes; sedentary time; sedentary behaviour 
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Introduction 
Older adults living in residential aged care (RAC; also referred to as nursing homes) are a 
growing segment of the population (de Souto Barreto, 2015). A key challenge in the RAC 
setting is the prevalence of sarcopenia (Landi et al., 2013; Senior, Henwood , Beller, 
Mitchell, & Keogh, 2015) and the poor physical function of residents (de Souto Barreto, 
2015; Slaughter et al., 2015). The European Working Group on Sarcopenia in Older People 
(EWGSOP) defines sarcopenia as the presence of low muscle mass as well as poor muscle 
strength and/or physical performance (Cruz-Jentoft et al., 2010). Sarcopenia is associated 
with a range of adverse health outcomes, including disability and death (Cruz-Jentoft et al., 
2010). Poor physical function, which is a component of sarcopenia and incorporates both 
muscle mass and physical performance, is associated with an inability to perform daily tasks 
(e.g., toileting, walking, socialising), increased risk of falls and resultant fractures, increased 
mortality and reduced quality of life (Bradley, 2013; Wolinsky et al., 2007).  
Physical activity guidelines recommend 150 minutes of moderate activity per week to 
maintain or improve function in healthy community-dwelling older adults. However, this 
amount of high intensity activity may not be feasible and acceptable to older adults in RAC, 
who are often admitted because they cannot care for themselves and are often rated as 
needing a high level of care in activities of daily living, behaviour and complex health care 
(Australian Institute of Health and Welfare., 2012). Indeed, the majority of older adults in 
aged care are highly sedentary, with over twelve of their waking hours spent sitting or lying 
each day (85% of waking hours) (Reid et al., 2013), in contrast to nine hours in community-
dwelling older adults (Harvey, Chastin, & Skelton, 2014; Wullems, Verschueren, Degens, 
Morse, & Onambele, 2016). Rather than introducing structured exercise among a population 
with a high falls risk, which is three times higher than for people of the same age living in 
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their own home (Hewitt, Refshauge, Goodall, Henwood, & Clemson, 2014), an emphasis on 
reducing sitting time may be a more acceptable modality of intervention (Sparling, Howard, 
Dunstan, & Owen, 2015), that could eventually lead to participation in structured exercise 
programs.  
Few studies have examined the health impacts of high levels of sitting time among RAC 
residents. Studies from the general population of older adults indicate that sitting time is 
associated with being overweight or obese, having poor cardiovascular health and physical 
function, metabolic syndrome, sarcopenia, and increased risk of mortality (Chastin et al., 
2015; de Rezende, Rey-Lopez, Matsudo, & Luiz, 2014). Furthermore, previous studies have 
indicated that there is a link between sedentary time and all-cause mortality (Biddle et al., 
2016) with the risk increased by 34% among those who sit for 10 hours or more per day 
(Chau et al., 2013). However, the majority of studies examining the association of sitting time 
with sarcopenia and function in older adults have been conducted outside of the RAC 
population where sitting time is high (Reid et al., 2013). Findings from a small number of 
emerging studies in the RAC setting suggest an association of extended sitting time with 
slower gait speed (Ikezoe, Asakawa, Shima, Kishibuchi, & Ichihashi, 2013; Keogh, Senior, 
Beller, & Henwood, 2015; Rosenberg et al., 2016), poorer balance, lower muscle strength 
(Ikezoe et al., 2013; Rosenberg et al., 2016), and higher risk of sarcopenia (Senior et al., 
2015). However, no studies to date have examined the impact of sitting time on sarcopenia 
status or function after a follow-up period. To address this short-coming, this study examined 
the association of sitting time with sarcopenia status and physical performance at baseline, as 
well as change in sarcopenia status and physical performance after 18 months among RAC 
residents. 
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Methods 
Study design  
An initial cross-sectional study with 18-month follow-up was conducted to assess sarcopenia 
prevalence and its risk factors. Detailed methods have been published previously (Henwood, 
Hassan, Swinton, Senior, & Keogh, 2017; Henwood, Keogh, Reid, Jordan, & Senior, 2014). 
Briefly, 11 residential aged care facilities agreed to participate, with 273 low, high and 
dementia care individuals randomly selected from 381 residents eligible for this study. 
Residents were eligible if they were (i) ≥60 years, (ii) residing in a nursing home and (ii) 
could provide consent, self or by proxy given directly by the participants’ substitute decision 
maker or verbally to the facility Service Manager. Residents were excluded if they; (i) had a 
pacemaker; (ii) were end-stage palliative or terminal (iii) had difficult behaviours that would 
limit data collection; or (iv) had a medical condition or other issue that would limit data 
collection (e.g., total uncommunicable deafness). One hundred and two residents consented 
to participate (91 self-consented, 11 consented via proxy).  
 Consent to the baseline study included agreement to be approached regarding the 
follow-up assessment. At 18 months’ post-baseline assessment, facilities were re-contacted 
and the follow-up study explained to the Service Manager. Each manager was given a list of 
participants, with a request to seek consent. Approval for the study was provided by the 
Human Ethics Committee of the University of Queensland, Bond University, and the nursing 
care provider’s internal ethics committee. Figure 1 details a recruitment flowchart at baseline 
and follow-up. 
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381 Eligible 
 
273 Contacted 
for consent 
 
102 Consented 
(Baseline) 
Excluded: 
 22 died 
 22 did not participate 
o 9 – unavailable 
o 7 – refused 
o 4 – relocated 
o 2 – no consent from 
proxy decision maker 
 
58 Consented 
(Follow-up) 
 
 
 
 
 
 
 
 
 
Figure 1. Recruitment flowchart. 
Data Collection  
Individual assessments of all participants residing in one nursing home facility were 
completed before moving to the next nursing home. The research assistant was solely 
responsible for conducting the assessments with low care participants, while a nursing home 
staff member was present for assessments involving high care participants. 
Measures 
All measures used in this study have been validated for use among old and very old adults 
and have been described in previous publications (Henwood et al., 2014). If a participant was 
unable to complete a measure due to health or disability issues the measure was typically 
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excluded. The only exception to this rule was the 2.4-meter walk (which was scored at 0 if 
unable to complete) so to ensure a measure of physical function was achieved. For 
individuals who were unable to or did not consent to the bioelectrical impedance analysis 
(BIA) at follow-up, baseline data were carried forward. 
Demographics and health status. Demographic and health data were collected at both 
baseline and follow-up. From the organizational database, information on date of birth (used 
to calculate age), gender, and falls history were obtained. Body mass index (BMI) was 
calculated from height (cm) and weight (kg) using standardized methodologies. Participants 
were also asked their smoking status (current, past, or never) and if they were physically 
active now (yes/no). Cognitive impairment and depression were assessed by the Mini-Mental 
State Examination questionnaire (MMSE) (Folstein, Folstein, & McHugh, 1975) and the 
Geriatric Depression Scale (GDS-15) (Woodford & George, 2007), respectively. Nutritional 
status was assessed with the Mini-Nutritional Assessment Instrument (MNA) (Saka, Kaya, 
Ozturk, Erten, & Karan, 2010). 
Sitting time. Sitting time was assessed using a single-item question from the International 
Physical Activity Questionnaire (IPAQ) Short Form. Participants were asked, “during the last 
7 days, how much time did you usually spend sitting on a week day?” Participants were 
instructed to include all time spent in-facility leisure and social activities, and lying down. 
The standard IPAQ measure has shown to have moderate reliability with older adults 
(Tomioka, Iwamoto, Saeki, & Okamoto, 2011). 
Sarcopenia. Sarcopenia was measured using the EWGSOP definition, cut-off points and 
assessment criteria (Cruz-Jentoft et al., 2010). Muscle mass was estimated using BIA 
(Maltron BF-906, Maltron International Ltd, Rayleigh, UK), with the participant requested to 
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lie flat on a bed while electrodes were placed on the wrist and feet in standardized positions. 
Skeletal Muscle Mass (SMM) was calculated from the equation (SMM = [(height2(cm) 
/resistance (ohms) x 0.401) + (gender x 3.825) + (age (yrs) x -0.071)] + 5.102), with this 
value then divided by height2 (m) to provide the Skeletal Muscle Index (SMI)(Janssen, 
Heymsfield, Baumgartner, & Ross, 2000). The SMI cut-off of <8.87 kg/m2 and <6.42kg/m2 
were used to define low muscle mass in older men and women, respectively. Muscle strength 
was measured by Jamar hand grip dynamometer (Sammons Preston Roylan, Bolingbrook, 
IL), whereby the participants were asked to squeeze the dynamometer as hard as they could 
with their dominant hand while their elbow was bent to 900 and locked at their side. The best 
of three trials was used to quantify handgrip strength and cut-off points of < 30 and < 20 kg 
were used to define low muscle strength for men and women, respectively. Physical 
performance was measured by the 2.4-meter walk test from the Short Physical Performance 
Battery (described below). The best of three trials was retained for data analysis, with gait 
speeds < 0.8 m/s used to define low physical performance in older males and females.  
Short Physical Performance Battery. The Short Physical Performance Battery (SPPB) 
summary score was used to determine overall physical function. This is a valid and reliable 
measure of physical function and incorporates three tasks reflective of daily activities: a 
progressive static balance measure, habitual gait speed, and sit-to-stand performance. Tasks 
are scored individually and a summary score (ranging from 0-12) is generated.  
Statistical Analysis   
All analyses were performed using the open source software R, version 3.0.2 (R 
Development Core Team, 2013). Descriptive statistics are presented as means and standard 
deviations (SD) for normally distributed data, median (25th, 75th percentile) for non-normal 
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continuous data, or percentages for categorical data. Cross-sectional analyses were performed 
on the baseline sample (n=102), while longitudinal models were performed with participants 
with data at baseline and follow-up (n=58). Three models were assessed: model 1 was 
unadjusted; model 2 adjusted for age and sex; model 3 additionally adjusted for being 
physical active now (yes vs no), nutritional status and BMI. Covariates are based on baseline 
measures. Associations between sitting time and sarcopenia status at baseline and change in 
sarcopenia status were assessed using logistic regression controlling for these demographic 
and health factors. Linear models were included to quantify the association of sitting time 
with the SPPB summary score, and change in this score from baseline to follow up. Model 
diagnostics were completed for each test to assess model assumptions and identify data points 
with large influence on parameter estimates.  No concerns were raised for model 
assumptions; however, logistic regression analyses revealed a small number of data points 
with high influence and therefore sensitivity analyses were conducted in these cases.  
Results 
Demographic and health data from 102 participants at baseline and 58 participants at follow-
up were available for analysis. Of those eligible at follow-up (n=75), 77% agreed to 
participate (n=58). At follow-up, participants were aged 85.6 ± 8.2 years with an average 
BMI of 26.9 ± 5.7 kg/m2, 70.7% were female and 41.4% had experienced a fall in the 
previous 6 months (Table 1). At baseline, participants reported sitting for 12.9 ± 3.0 hours 
each day, while 39 (39.8%) of participants reported being physical active at the time of the 
baseline interview. A total of 40% of participants were sarcopenic at baseline, increasing to 
64.3% at follow-up. The average SPPB summary score decreased by one point from baseline 
(mean ± SD = 3.5 ± 2.4) to follow-up (2.5 ± 2.2) (Table 2).   
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Table 1. Demographic and health data at baseline (n=102) and 18-month follow-up (n=58) of 
RAC residents. 
Characteristic Baseline (n=102) Follow-up (n=58) 
Age, years 84.5 ± 8.2 85.6 ± 8.2 
Female, n (%) 71 (69.6) 41 (70.7) 
Current smoker, n (%) 10 (10.2) - 
Falls in past 6 months, n (%) 27 (26.4) 24 (41.4) 
BMI, kg.m-2 27.0 ± 5.7 26.9 ± 6.2 
MMSE 20.9 ± 6.4 16.7 ± 9.3 
     Severe, n (%) 4 (4.3) 16 (27.6) 
     Moderate, n (%) 40 (41.7) 16 (27.6) 
     Mild, n (%) 16 (16.7) 8 (13.8) 
     Normal, n (%) 36 (37.5) 18 (31.0) 
GDS 5.2 ± 3.8 4.6 ± 3.8 
     Severe, n (%) 9 (9.4) 5 (8.5) 
     Moderate, n (%) 13 (13.5) 6 (10.2) 
     Mild, n (%) 22 (22.9) 16 (27.1) 
     Normal, n (%) 52 (54.2) 31 (52.5) 
MNA 10.5 ± 2.5 8.2 ± 3.1 
     Malnourished, n (%) 15 (14.7) 20 (34.5) 
     At risk, n (%) 49 (48.0) 30 (51.7) 
     Normal, n (%) 37 (36.3) 8 (13.8) 
Values represent mean ± SD or number (percentage) unless indicated. BMI = body mass index; MMSE = mini-
mental state exam; GDS = Geriatric depression scale; MNA = mini-nutritional assessment; SPPB = short 
physical performance battery.  
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Table 2. Activity and physical performance measures at baseline (n=102) and 18-month 
follow-up (n=58) of RAC residents. 
Measure Baseline (n=102) Follow-up (n=58) 
Sitting time, hours/day a 12.9 ± 3.0 - 
Physically active now, n (%) a 39 (39.8) - 
Sarcopenic, n (%) 41 (40.2) 30 (64.3) b 
Skeletal muscle index, kg/m2 7.7 ± 2.3 7.2 ± 1.8 b 
Grip strength, kg 16.5 ± 7.7 12.7 ± 7.6 
SPPB summary c  3.5 ± 2.4 2.5 ± 2.2 
    [Median (25th, 75th)]     [3 (2, 5)]     [1 (1, 3)] 
Standing balance, sec 13.9 ± 10.0  6.9 ± 10.2 
Gait speed, m/s 0.4 ± 0.2 0.2 ± 0.2 
5 chair stands, s d  20.9 ± 5.4 23.2  ± 12.46 
Results are mean ± standard deviation (SD), unless otherwise stated. a reported baseline only. b based on 42 
participants with available data. c SPPB summary score was positively skewed, median (interquartile range) are 
also presented. d a number of participants scored zero on this test, indicating they could not complete it. Mean 
and SD are representative of participants who could complete the test (n = 27 at baseline, n = 13 at follow-up). 
Associations of sitting time with baseline and follow-up sarcopenia status 
Table 3 shows the cross-sectional association of sitting time with sarcopenia status. Each 
hour of sitting was associated with approximately 16% increased odds ratio of being 
sarcopenic in the unadjusted model. However, associations did not reach statistical 
significance (p>0.05; see Table 3). Diagnostic plots of residuals and calculation of Cook's 
distance identified two observations that exerted a large influence on parameter estimates 
(Cook's distance ≥ .068). Sensitivity analyses conducted with removal of these points 
increased the odds ratio for sitting time, with significant values obtained for the unadjusted 
(OR =1.20; 95% CI: 1.02 - 1.45) and age and gender adjusted (OR =1.21; 95% CI: 1.02 - 
1.47) models, but not the fully adjusted model (OR =1.14; 95% CI: 0.97 - 1.43).    
Only a small number of individuals that were non-sarcopenic at baseline provided follow-up 
data on sarcopenia status. Therefore, an unadjusted logistic regression analysis comparing 
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participants who remained sarcopenia free (n=15) with those that developed sarcopenia over 
the 18-month period (n=8) was conducted. This analysis did not observe a statistically 
significant association of sitting time with change in sarcopenia status (OR = 0.91; 95% CI: 
0.64 - 1.26).  
Association of sitting time with baseline and follow-up physical performance  
Table 3 also shows the cross-sectional association of sitting time with the SPPB. At baseline, 
sitting time was observed to be detrimentally associated with the SPPB summary score in all 
models (n = 102; see Table 3). In contrast, SPPB summary scores for those completing pre- 
and post-tests (n=58) demonstrated a mean decrease of 0.91-points (± 1.69). Associations of 
baseline sitting with change in the SPPB summary score were not statistically significant 
(Table 4). 
Table 3. Cross-sectional associations of baseline sitting time with sarcopenia and SPPB score 
in RAC residents (n = 102) 
Sarcopenia Odds Ratio (95% CI) p-value 
Model 1 (unadjusted) 1.16 (0.98, 1.37)  0.08 
Model 2 1.17 (0.99, 1.38) 0.07 
Model 3 1.17 (0.96, 1.42) 0.12 
SPPB  Coefficient (95% CI) p-value 
Model 1 (unadjusted) -0.30 (-0.47, -0.13) < 0.001 
Model 2 -0.29 (-0.46, -0.12)  0.001 
Model 3 -0.20 (-0.37, -0.03)  0.027 
All covariates are based on baseline measures. Model 2 adjusted for age and sex; Model 3 additionally adjusted 
for being physical active now (yes vs no), nutritional status and BMI. 
Chapter 5 
127 
 
Table 4. Association of baseline sitting time with change in SPPB score in RAC residents (n 
= 58). 
Change in SPPB  Coefficient (95% CI) p-value 
Model 1 (unadjusted) 0.15 (-0.03, 0.32) 0.109 
Model 2 0.15 (-0.04, 0.33) 0.132 
Model 3 0.14 (-0.07, 0.35) 0.183 
All covariates are based on baseline measures. Model 2 adjusted for age and sex; Model 3 additionally adjusted 
for being physical active now (yes vs no), nutritional status and BMI. 
Discussion 
This 18-month follow up study in RAC residents aimed to investigate cross-sectional and 
longitudinal associations of sitting time with sarcopenia and physical performance. Each hour 
of sitting time per day was found to be significantly associated with higher odds of being 
sarcopenic (when outliers were removed) and lower overall function (measured by the 
SPPB). This is the first study to investigate if sitting time is associated with changes in 
sarcopenia status and physical performance over a follow-up period in RAC. The current 
study however found no statistically significant associations for the changes in sarcopenia or 
performance. 
The cross-sectional finding that sitting time is likely associated with increased risk of having 
sarcopenia is consistent with findings from a small number of previous studies. A study of 
1286 elderly UK men recruited from primary care settings also observed similar effect sizes, 
where each additional 30 minutes of sitting was associated with an 18% increased likelihood 
of having sarcopenia (Aggio et al., 2016), although this was not statistically significant. 
Others have observed sitting time to significantly increase the odds of having sarcopenia by 
33% in community-dwelling older adults (Gianoudis, Bailey, & Daly, 2014). This emerging 
research suggests that sitting time is associated with an increased risk of sarcopenia. The 
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findings of this study build on previous research that has observed a potential association in 
the long-term care setting. Larger scale studies are needed to further examine these 
preliminary findings. 
The examination of sitting time and its health outcomes in RAC is an emerging field with few 
previous studies. However, the significant and detrimental association of sitting time with 
physical performance observed in this study is consistent with previous available data. One 
study in 19 institutionalised women found that sitting time was significantly associated with a 
number of functional tests, including timed up-and-go performance, lower-limb strength, 
balance and walking speed (Ikezoe et al., 2013). While exercise interventions have been 
shown to improve muscle strength and physical performance (Cruz-Jentoft et al., 2014), 
future research is needed to ascertain if function more broadly can be improved by reducing 
sitting time and replacing it with low intensity physical activity (e.g., standing or light 
walking) (de Souto Barreto, 2015) . A small pilot study in 26 participants in long-term care 
facilities showed that an intervention to break up sitting (i.e., encouraging residents to stand 
up and sit down as many times as they could, twice per day) significantly improved their 
functional fitness (Slaughter et al., 2015). Sedentary time interventions may be less effective 
than structured resistance and balance exercise; however, they may be easier to adopt and 
maintain in the long-term whilst still providing some benefit. In addition, targeting sedentary 
behaviour could be used as a gateway into structured exercise programs or as an adjunct 
intervention strategy. These preliminary results and potential uses need further exploration 
with larger and more diverse samples.  
This was the first study to investigate sitting time as a risk factor for sarcopenia and decline 
in physical performance in the community and RAC setting over a follow-up period. Here, 
statistically significant associations were not observed with either sarcopenia status or 
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performance, nor were effect sizes considered clinically meaningful. Few participants that 
were non-sarcopenic at baseline provided follow-up data. Given the low baseline SPPB 
scores, further declines were limited. Declines in function often accelerate in older age and in 
aged care (Jerez-Roig, de Brito Macedo Ferreira, Torres de Araujo, & Costa Lima, 2017; 
Peeters, Dobson, Deeg, & Brown, 2013), which may have already occurred in this sample. 
Nevertheless, there is reason to suspect that lifetime physical activity and sedentary 
behaviours may influence the trajectory of function decline for aged care residents. Studies 
have shown that, at least for exercise, early life interventions are best at maintaining 
functional capacity into older age (Peeters et al., 2013). In addition, a study examining 
trajectories of habitual television-viewing time (as an estimate of total sedentary behaviour) 
observed that increasing TV viewing time is associated with poorer lower-limb muscle 
strength after 12 years, compared with those that maintain low levels of TV viewing (Reid et 
al., 2017). More prospective studies are needed to examine the impact of sedentary behaviour 
on various measures of function over time. 
A key strength of this study is the investigation of an understudied population and use of the 
EWGSOP definition of sarcopenia. While it has been shown that older adults often under 
report their sitting time (Van Cauwenberg, Van Holle, De Baurdeaudhuij, Owen, & 
Deforche, 2014); the IPAQ self-reported sitting time of 12.9 hours at baseline is similar to 
objectively-assessed sitting time in a sub-sample of this dataset (mean sitting = 12.4 hrs/day) 
(Reid et al., 2013). Given that average length of stay in Australian RAC is less than 3 years 
(Australian institute of Health and Welfare, 2016), the follow-up period of 18-months was 
sufficient. Limitations of this study include a small sample size, with the cross-sectional 
findings precluding the ability to infer causality. Findings are not generalizable beyond the 
scope of the participant characteristics in this study.  
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Conclusions 
This was one of the first studies to investigate the cross-sectional and prospective association 
of sitting time with sarcopenia and physical performance in Australian RAC centres. A 
detrimental association of sitting time was observed with sarcopenia and performance at 
baseline. No association was observed with risk of developing sarcopenia or decline in 
physical performance. However, prospective studies that capture people at their initial entry 
into the RAC setting would more accurately capture changes in health outcomes in this 
population. Future studies may benefit from the use of objective monitors in measuring 
sitting time and investigating the possibility of reverse causation (i.e., that low function leads 
to higher sitting time). Intervention studies targeted at reducing sitting time and replacing it 
with higher intensity activities are also needed to determine if this can improve physical 
function in RAC residents. Lastly, there is a need for physicians, nurses and allied health 
professionals in the community and nursing home settings to be educated on the negative 
health impacts of sitting time on the physical function of older adults.  
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5.4   Discussion and implications of findings 
While the finding in this study that sitting time is detrimentally associated with physical 
function in this sample of aged care residents is consistent with the limited existing evidence 
base,81,106,111,112 the lack of a statistically significant association observed after 18 months was 
unexpected. All other prospective studies have reported a significant and detrimental 
association of sedentary time with physical function (see Section 2.4);109,110,113,115-118 
however, none have been conducted in this population. One possible reason for the observed 
lack of significant longitudinal associations may be that function had already rapidly declined 
for some adults upon entry to RAC. Conversely, the 18-month follow-up time may have been 
too short to capture significant change in SPPB score. In addition, the study was possibly 
underpowered to detect these longitudinal changes. Lastly, while the association was not 
statistically significant, it is important to note that the direction of the effect was positive (i.e., 
sitting time tended to be linked with better SPPB performance). The positive direction may 
simply be a statistical artefact, or it could reflect the underlying health of the sample. That is, 
only those participants in good health were able to participate in the follow-up study. Further 
discussion of these findings, strengths, and limitations, is provided in Chapter 8 in light of the 
Thesis as a whole. 
Further exploration of the association of sedentary behaviour with physical function in the 
aged care setting is needed. However, longitudinal studies in the community setting are also 
lacking. These studies have the potential to examine a longer time span and capture declines 
in function prior to entry into aged care. In addition, and as discussed in Chapter 2, reverse 
causality between sedentary behaviour and physical function is a concept not yet explored. 
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Chapter 6 addresses some of these gaps in the literature, exploring 12-year television (TV) 
viewing trajectories and subsequent physical performance in older adults. 
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CHAPTER 6 
Longitudinal associations of television viewing with physical 
function in older adults 
6.1 Introduction 
In this Thesis thus far, Chapters 3, 4 and 5 presented the cross-sectional and longitudinal 
associations of sedentary time with physical function in older adults in the community and 
those in aged care. All studies within these chapters provided important contributions to the 
evidence base, with Chapters 3 and 4 reporting on associations of sedentary time with 
physical function in two of the largest datasets with postural monitor data to date, while 
Chapter 5 included one of the first investigations of the association of sedentary time with 
physical function cross-sectionally and over an 18-month follow-up period in the aged care 
setting. However, a gap still not adequately addressed is the limited number of longitudinal 
studies in the literature. 
Previous longitudinal investigations of the association of sedentary time with physical 
function have been based on studies using an average follow-up time of 6.5 years.109,113,115-118  
Importantly, this timeframe is potentially inadequate to capture the varying stages of 
functional decline outlined in Section 2.2.3, suggesting the need for long-term follow-up 
(particularly if participants are younger at the start of assessment). Building on the 
preliminary longitudinal findings reported in Chapter 5, this Chapter examines the 
longitudinal association of sedentary behaviour with physical function in community-
dwelling older adults using 12-year trajectories of TV viewing time in adults aged 60 years or 
more at follow-up. Data were obtained from all three surveys of the AusDiab study 
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(described in detail in Section 3.2), and analyses used a statistical technique called group-
based trajectory modelling to derive TV time patterns. TV viewing time was chosen as the 
exposure as it was measured at each of the three assessments points over a 12-year period. 
Although TV viewing time only captures a single type of sedentary behaviour, it has been 
shown to be related to health risks such as obesity and metabolic syndrome,148 poorer gait 
speed,118 and all-cause mortality.149 The study was published in the peer-reviewed journal 
Medicine and Science in Sports and Exercise in 2016. The unformatted version of this article 
is presented in Section 6.2. 
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6.2 12-year Television Viewing Time Trajectories and Physical 
Function in Older Adults 
 
 
 
 
 
Abstract 
Introduction: The purpose of this study was to identify trajectories of older adults’ television 
viewing (TV) time over 12 years; and, to examine their associations with performance-based 
measures of physical function. Methods: Data on TV time (hours/week) and socio-
demographic factors were collected at each assessment of the Australian Diabetes, Obesity 
and Lifestyle (AusDiab) Study (1999/2000; 2004/2005; 2011/2012), with objective measures 
of physical function (2.44m timed-up-and-go [TUG, seconds] and knee extensor test [KES, 
kg]) collected at the final (2011/2012) assessment. Regression analyses examined predictors 
of trajectory membership and associations with TUG and KES in those aged 60+ years in 
2011/2012. Results: Six TV time trajectories were identified among the 1938 participants 
(aged 60-97, 54% female): consistently-low (9.7%); low-increasing (22.3%); moderate-
decreasing (13.5%); moderate-increasing (30.3%); consistently-high (18.9%); and, high-
increasing (5.2%). There were no statistically significant relationships with TUG (p>0.05). In 
the fully adjusted model, KES performance was significantly better in the consistently-low, 
Chapter 6 
140 
 
low-increasing and consistently- high trajectories, compared to the moderate-increasing 
trajectory (P < 0.001, R2 = 0.33). Conclusion: 12-year trajectories of TV time were associated 
with muscle strength in older adults. These findings suggest that patterns of sedentary 
behavior can be a determinant of muscle strength in later life. 
Key Words: group-based trajectory modeling; muscle strength; performance; sedentary time. 
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INTRODUCTION 
Addressing time spent in sedentary behaviors (waking activities with low energy expenditure 
and a sitting or reclining posture (34)), is now a preventive health target. Television viewing 
time (TV time) is not only the largest contributor to adults’ leisure sedentary time(1, 38) but 
may also be more detrimental to older adults than other sedentary behaviors, such as reading, 
playing board games, writing, and socializing (16). Adverse associations of excess TV time 
with several health outcomes, such as overweight/obesity (41), increased blood pressure (40), 
type 2 diabetes (36) and metabolic syndrome (14) have been documented. Evidence for the 
detrimental association of excessive TV time with poor physical function, which is one of the 
highest sources of burden and poor quality of life for older adults (42), is also accumulating. 
However, studies examining this association have predominantly been cross-sectional (10, 
15), with a notable lack of longitudinal studies.  
Further, the few available longitudinal studies (2, 26, 35) have been limited by the statistical 
methods employed. Limitations include: using predefined cut-offs to determine patterns (e.g., 
<4 hours vs >8 hours of TV time) (26); investigating the average pattern of behavior change 
(e.g., remaining in the same category or changing categories over time); or, considering only 
baseline values of an exposure (2, 35). In contrast, data driven approaches, such as group-
based trajectory modelling (GBTM) (25), may be more useful in identifying behavioral 
patterns. GBTM is a form of latent class growth modelling, identifying clusters of individuals 
following the same or similar trajectories (25). Unlike more traditional methods that rely on 
researcher determined groups, GBTM uses a data driven method to identify unobserved 
heterogeneity in the population and summarizes this into distinct trajectories with 
homogenous groups (25). This approach has three unique assumptions. Firstly, it does not 
presuppose the presence or absence of particular trajectories but rather relies on the observed 
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data to dictate the best trajectory models. Secondly, it considers that change in behavior is 
important, rather than just the initial data point. Finally, it has the potential to distinguish 
possible heterogeneity of change in behavior, rather than describing an average pattern of 
change (23, 25). This is important because true behavioral trajectories may not be linear over 
time.    
The aim of this study was to identify GBTM-derived trajectories of TV time and examine the 
associations of these trajectories with subsequent performance on tests of physical function in 
community-dwelling older adults. A secondary aim was to describe the characteristics of 
older adults within the TV time trajectories.  
METHODS 
Participants and procedures 
The Australian Diabetes, Obesity and Lifestyle Study (AusDiab) is a longitudinal study 
examining the history of diabetes, pre-diabetes, heart disease and kidney disease in 
community dwelling Australian adults. Recruitment and measurement procedures have been 
described in detail previously (3, 12, 39). Briefly, baseline data was collected in 1999-2000 
(T1) from those aged at least 25 years using a probabilistic sampling frame (12). Since then, 
two additional waves of data collection have occurred (2004/05 [T2] and 2011/12 [T3]). Of 
those initially eligible in 1999/00 (n=20,347), 55.3% (n = 11,247) agreed to participate and 
attended an on-site testing center where assessments of lifestyle behaviors (including TV 
time) were undertaken. Approximately 60% of eligible baseline participants returned to a 
testing center at T2 (n= 6,400), with 72% (n= 4,614) of those returning at T3. Performance-
based physical function tests, including the 2.44m Timed Up-and-Go Test (TUG) and Knee 
Extensor Strength (KES) test were conducted within the testing center at T3. The population 
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of interest was limited to participants who had data for at least surveys T1 and T3 and were 
aged ≥60 years at T3 (n = 2345). Analyses were then limited to participants who had 
complete data on all relevant outcome, exposure and risk factor measures (n = 1938; 83% of 
possible sample). Ethics approval was obtained by the International Diabetes Institute and 
Alfred Hospital Ethics committee. All participants provided written informed consent. 
Television time 
As reported previously (12), total television viewing time (hours/week) was ascertained by 
the same interviewer-administered questionnaire at each wave. Participants reported the total 
time spent watching television or videos, where this was the main activity, in the previous 
week on weekdays and weekend days (separately). Television viewing time was 
operationalized as TV time weekdays plus TV time weekend days in hours per week. This 
measure is sensitive to change (13), reliable (intra-class correlation from 1-week test-retest 
[95%CI] = 0.82 [0.75, 0.87]) and valid (criterion validity: comparison with a 3-day sedentary 
time log; ρ = 0.30, p <0.01) (32).  
Timed-up-and-go test 
Instructions to complete the 8ft (2.44m) TUG test have been reported previously (27). 
Briefly, participants begin seated and are instructed to walk 2.44m, turn, walk back and 
return to a seated position. A shorter time to complete the TUG test (in seconds; measured by 
stopwatch), indicates better dynamic gait speed and mobility across a combination of three 
commonly performed functional activities of daily living (sitting, standing, walking and 
turning). This test has shown good reliability (ICC= 0.95), and relative validity against gait 
speed as a criterion (r = 0.61) (29). 
Chapter 6 
144 
 
Knee extensor strength test 
Full instructions to complete the KES test have also been previously reported (27). 
Participants begin seated with their hip and knee at 90 degree angles and are asked to extend 
their leg as forcefully as possible for 2-3 seconds against a strap placed 5-10cm above their 
ankle joint. The KES is a measure of lower-limb isometric muscle strength (4), with greater 
force (in kilograms (kg)) indicating better knee extensor strength. This test has been shown to 
have good test-retest reliability (ICC > 0.9) (37) and good construct validity with other 
measures of muscle strength (r = 0.768) (4). The KES test is reported in total kg, adjusted for 
thigh length (in cm). 
Sociodemographic variables 
Several sociodemographic variables measured at T1 were evaluated as predictors of 
trajectory group membership and included as covariates in the association of TV time 
trajectory with TUG and KES. Demographic (age, sex, marital status, educational attainment, 
living arrangement, and employment status), behavioral (smoking status and leisure time 
physical activity), and health (self-rated health, previous angina, stroke or heart attack, and 
BMI) variables were evaluated as predictors of trajectory group membership. These were all 
also used as covariates in the association of trajectories with TUG and KES. Response 
categories can be found in Table 1.  
Statistical analyses 
Data processing and analyses were performed in STATA (version 13, College Station, TX, 
Stata Corporation). Statistical signiﬁcance was set as two-sided P < 0.05. Descriptive 
statistics are presented as means and standard deviations (SD) for normally distributed data, 
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median (25th, 75th percentile) for non-normal continuous data, or percentages for categories. 
Baseline characteristics (at T1) of included participants overall are described in Table 1, with 
characteristics within each trajectory group provided in supplemental content (see Table S1, 
baseline characteristics within each trajectory). 
Identifying TV time trajectories. Group-based trajectory modelling (GBTM) was used to 
identify trajectories of TV time over 12 years using a user-contributed program for STATA 
(version 13, College Station, TX, Stata Corporation; downloaded from 
http://www.andrew.cmu.edu/user/bjones/traj and adapted from SAS procedure) (19). A 
poisson zero inflated model was used due to the large number of zero counts and non-normal 
distribution for the TV time variable. The magnitude and direction of each trajectory was 
estimated via separate intercepts and slopes. Six criteria were used to assess model fit: 1) the 
Bayesian Information Criterion (BIC) and the log Bayes Factor (2*ΔBIC)(18); 2) close 
correspondence between the estimated probability of group membership and the proportion 
actually assigned to that group; 3) average posterior probability of >0.70; 4) reasonably tight 
confidence intervals around the trajectory groups; 5) no less than 5% within each group; and 
6) distinguishable groups in terms of their characteristics and outcomes (25). Model selection 
occurred in three stages. Firstly, a two-group model saturated with quadratic parameters was 
tested. One additional group was included in successive models and model fit was evaluated 
based on the Log Bayes Factor scale (k versus k-1 model) (20). Secondly, the model with the 
best Log Bayes Factor was assessed on the other five model selection criteria described 
above. If it did not meet these criteria, the process was repeated with the k-1 model. Lastly, 
once the optimal number of groups was determined, the level of polynomial function (i.e., 
quadratic, linear, and constant) for each group was reduced until each parameter reached 
statistical significance (P < 0.05; see Supplementary Table S2, model selection details). 
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Regression analyses. The results of the GBTM led to our selecting two models to examine 
the data. First, a cumulative odds model was used to determine the factors that influence 
baseline clusters of TV time (i.e., clusters of individuals with the same or similar baseline 
scores; Table 2). The proportional odds assumption required for this model was tested and 
met for all variables. Secondly, a linear regression analysis was used to determine the 
association of each TV time trajectory with performance on the TUG and KES at T3. The 
trajectory with the most participants was chosen as the referent (21). TUG and KES were log-
transformed to maintain normality and associations were examined unadjusted, age-adjusted 
only (see Supplementary Table S3, unadjusted and age-adjusted associations with TUG and 
KES) and fully adjusted for all covariates (age, sex, BMI, tertiary education, marital status, 
urban vs rural living, employment status, smoking status, leisure time physical activity, 
previous angina, stroke or heart attack, and known hypertension). Traditional regression 
analyses investigating the association of quartiles of baseline TV time with performance on 
TUG and KES were also undertaken (see Supplementary Table S4, association of quartiles of 
baseline TV viewing time with TUG and KES) to explore the extent to which GBTM 
provides further insights into the associations. 
RESULTS 
Analyses were conducted with 1938 participants with full data. At T1 participants were aged 
from 47 to 85 years (mean [SD] = 57.6 [7.3] years). At T3, participants were aged from 60-97 
years (69.5 [7.3] years); 54% were female, the majority had attained tertiary level education 
(63%), were partnered (82%), lived in an urban city (65%), and identified as employed (full-
time or part-time; 61%) with an average BMI of 27 kg.m-2 (Table 1).  
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Table 1. Baseline Characteristics of all Included Participants From the AusDiab Dataset (n = 
1938). 
Characteristics  
 Age (years) 57.6 (7.3) 
 Female; n (%) 1037 (53.5) 
 BMI (kg/m2) 27.1 (4.5) 
 Attained Tertiary Education; n (%) 1215 (62.7) 
 Married/DeFacto, n (%) 1585 (81.8) 
 Lives in Capital City; n (%) 1260 (65.0) 
 Currently Employed; n (%) 1174 (60.6) 
 Current smoker; n (%) 167 (8.6) 
 LTPA (hr/week)  4.8 (5.5) 
 TV time (hr/week) 12.9 (9.0) 
 Excellent/Very Good SRH; n (%) 966 (49.8) 
 Previous CVD; n (%) 140 (7.2) 
 Known Hypertension; n (%) 760 (39.2) 
TUG, sec; median (25th, 75th) 6.4 (5.4, 7.6 ) 
KES, kg.cm2 a 0.6 (0.3) 
Abbreviations: CVD, cardiovascular disease; KES, knee extensor strength; LTPA, leisure time physical activity; 
SRH, self-rated health; TUG, timed-up-and-go. a KES is per centimeter of thigh length. Values represent mean 
(SD) or number (percentage) unless indicated. 
Television time trajectories 
A stepwise model comparison approach was conducted to compare k class to the k-1 class 
model using the model fit criteria described above, with results provided in Supplementary 
Table S2. Based on the data, six trajectory patterns of TV time were identified (Figure 1): 
consistently-low (9.7%); low-increasing (22.3%); moderate-decreasing (13.5%); moderate-
increasing (30.3%); consistently-high (18.9%); and, high-increasing (5.2%).  Baseline weekly 
TV times are reported in Table 1. 
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Figure 1. Mean (95% Confidence Interval) trajectories of TV time over 12 years in 
Australian older adults based on six group-based trajectory modelling patterns (n = 1938). 
Predictors of trajectory group membership  
Table 2 displays the results of the cumulative odds model for factors that influence baseline 
clusters of TV time. Participants in the consistently-low and low-increasing trajectories 
(32%; n = 629) were grouped into Cluster A (low baseline TV time). Participants in the 
moderate-increasing and moderate-decreasing trajectories (44%; n = 852) were grouped into 
Cluster B (moderate baseline TV time), and participants in the consistently-high and high-
increasing trajectories (24%; n = 457) were grouped into Cluster C (high baseline TV time; 
reference group). The cumulative odds model was then applied to estimate the odds ratios 
(ORs) for the study predictors simultaneously across the clusters of TV time. This model 
compares the reference group against all others (i.e., Cluster C vs Cluster A and B 
simultaneously).  
The results of the model revealed that older age, higher BMI and being a smoker were 
associated with increased odds of having high TV time compared to low and moderate TV 
time. Female gender, being tertiary educated and employed, and previous cardiovascular 
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disease (angina, stroke or heart-attack) were associated with decreased odds of having high 
TV time compared to low or moderate TV time. When we compared each of the clusters 
separately to the reference category separately, similar patterns of significant associations 
emerged (data not shown). 
Table 2. The Cumulative Odds Model for the Factors That Influence Baseline TV Viewing 
Time Clusters (Comparing Cluster C [High TV Time] to Cluster A [Low TV Time] and B 
[Moderate TV Time]) (n=1938). 
Characteristics OR 95% CI P-value 
  Age (years) 1.02 1.00,  1.04 0.01 
  Female 0.79 0.67,  0.93 0.01 
  BMI 1.03 1.01, 1.05 0.01 
  Attained Tertiary Education 0.61 0.50, 0.76 <0.001 
  Married/DeFacto 1.00 0.82, 1.21 0.97 
  Lives in Capital City 0.88 0.73, 1.06 0.18 
  Currently Employed 0.64 0.51, 0.81 <0.001 
  Current Smoker 1.51 1.18, 1.94 0.01 
  LTPA (hr/week) 1.01 1.00, 1.02 0.11 
  Excellent/Very Good SRH  0.83 0.67, 1.02 0.07 
  Previous CVD  0.64 0.44, 0.94 0.02 
  Known Hypertension 1.09 0.87, 1.36 0.45 
Abbreviations: CI, confidence interval; CVD, cardiovascular disease, defined as presence of previous stroke, 
angina or heart attack; LTPA, leisure time physical activity; SRH, self-rated health. 
Television time trajectory associations with TUG and KES performance 
No statistically significant associations of trajectory group with TUG performance were 
observed (P > 0.05), with the number of seconds taken to complete the TUG similar across 
the six trajectory groups (maximum difference 0.6 seconds). For KES, the overall model was 
statistically significant (P > 0.001; R2 = 0.33). Participants in the consistently-low (β = 1.16 
kg 95% CI: 1.00, 1.35, P = 0.05), low-increasing (β = 1.18 kg 95% CI: 1.05, 1.35, P = 0.01), 
and consistently-high (β = 1.19 kg 95% CI: 1.00, 1.41, P = 0.04) trajectories performed 
significantly better on the KES test, compared with the moderate-increasing trajectory. No 
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statistically significant differences were observed with the moderate-decreasing or high-
increasing trajectories. Results are displayed in Table 3. In contrast, when we examined the 
association of quartiles of baseline TV time (Q1 = 0-5.75 h; Q2 = 6-11.6 h; Q3 = 12-17.5 h; 
Q4 = 18-115 h; Q4=ref) with TUG and KES, no statistically significant associations were 
observed with either measure in the fully adjusted models (P > 0.05; Supplementary Table 
S4). 
Table 3. Regression Coefficients (β) of TV Viewing Time Trajectory Group With 
Performance on the TUG and KES Tests in the Fully Adjusted Model (n=1938). 
TV viewing Trajectory Group  Fully adjusted model  β 95%CI P-value 
Timed up-and-go test (sec)a     
  Stable Low  0.98 0.91, 1.07 0.62 
  Low-Increasing  0.99 0.91, 1.07 0.75 
  Moderate-Decreasing  0.98 0.89, 1.07 0.66 
  Moderate-Increasing (ref)      
  Stable High  0.98 0.91, 1.05 0.54 
  High-Increasing  0.93 0.81, 1.07 0.28 
Knee extensor strength test (kg)b      
  Stable Low  1.16 1.00, 1.35 0.05 
  Low-Increasing  1.18 1.05, 1.35 0.01 
  Moderate-Decreasing  1.15 0.98, 1.35 0.10 
  Moderate-Increasing (ref)      
  Stable High  1.19 1.00, 1.41 0.04 
  High-Increasing  0.95 0.74, 1.23 0.71 
Abbreviations: CI, confidence interval. a back transformed from the log scale; adjusted for: age, sex, BMI, 
tertiary education, marital status, urban vs rural living, employment status, smoking status, leisure time physical 
activity, previous angina, stroke or heart attack, known hypertension; regression analysis is expressed as per 
second taken to complete TUG test. b back transformed from the log scale; adjusted for: as TUG plus thigh 
length; regression analysis is expressed as per kg/thigh length. 
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DISCUSSION 
This was the first prospective study to identify and examine associations of TV time 
trajectories with physical function in older adults. A six-trajectory model was found to best fit 
the data, with participants in the consistently-low, low-increasing and consistently-high 
trajectories observed to have greater lower-extremity muscle strength (KES performance) 
compared to those in the moderate-increasing trajectory. No statistically significant 
association between TV time trajectories and gait speed/mobility (TUG performance) was 
seen. Differences in trajectory group characteristics were observed between baseline clusters 
of TV time, with older age, higher BMI and smoking associated with higher TV time.  
Previous studies have observed that sedentary time (e.g., TV time, self-reported and 
objectively measured sitting time) is associated with performance-based physical function (9, 
17, 30, 33). The current study adds to this evidence base and extends it by using GBTM. 
Here, significant associations were observed with lower extremity strength, but not gait 
speed. The lack of observed association with TUG is consistent with a previous study on the 
same population (27) and the observation that modalities such as strength, balance, and gait 
speed begin to deteriorate at different times over the life course (8). Strength typically begins 
to deteriorate from age 50, whereas a reduction in gait speed (a large component of the TUG) 
typically accelerates after the age of 70. Therefore, the lack of any association with TUG in 
our study may relate to the fact that the mean age of our participants at baseline and follow-
up was around 57 and 69 years, respectively.  
It was also observed that participants in the consistently-high trajectory performed 
significantly better on the KES test compared to those in the moderate-increasing trajectory. 
Moderating factors such as illness may contribute to increasing TV time and poorer physical 
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function (31) for participants in the moderate-increasing trajectory. Alternatively, high TV 
time has been correlated with increased adiposity (41), which may provide a training stimulus 
(by carrying more weight during incidental and planned activity) and thereby maintain 
muscle strength (6). Given that both low and high TV time appear to be associated with 
higher muscular strength, potential public health messages need careful consideration. 
However, the negative health effects of excessive TV time, and too much sitting more 
broadly, on cardiovascular health (14), mental health (7), and physical function (15) indicate 
that public health messages should remain focused on reducing and interrupting long bouts of 
sitting, consistent with current guidelines (11). 
Of the six trajectories identified, three clusters of baseline TV time were present: low, 
moderate and high baseline TV time. As supported in previous literature, being older, having 
a higher BMI and being a current smoker were associated with higher TV time (5, 28). 
Conversely, female gender, education, employment status and previous health issues were 
associated with decreased TV time (5, 28). These correlates provide important, and 
consistent, sociodemographic characteristics by which intervention participants may be 
targeted in the future.   
This study is one of the first to use GBTM to examine trajectories of TV time (or any type of 
sedentary behavior), particularly in older adults, and their association with functional 
outcomes. The use of this method extends the literature as it derives homogenous groups with 
potentially heterogeneous trajectories (25), with this technique allowing us to model change 
in TV time rather than relying on a single baseline measure or subjective cut-offs of high and 
low TV time. Indeed, using a more traditional approach of examining quartiles of baseline 
TV time in this study yielded different conclusions to those of the GBTM, with no significant 
associations observed. Further, the findings from the current study, as well as those that have 
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explored TV time trajectories over 15 years in children and young adults (22, 24), suggest 
that TV is not stable over time: a concept that is poorly captured through traditional statistical 
approaches. This indicates that opportunities for intervention at critical life stages may be 
present and further research is needed to determine if such turning points exist (e.g., 
retirement). Findings from this study also suggest that historic TV time may be more 
predictive of physical performance than current TV time, evidenced by participants in the 
moderate-increasing and moderate-decreasing TV time trajectories performing similarly on 
both tests of physical function. Collectively, these results suggest that excessive TV time 
should be addressed earlier rather than later in the life course.  With newer studies collecting 
longitudinal data on sedentary behavior, GBTM is potentially a powerful tool to examine 
those data and the extent to which changes in exposure impact health.  
The longitudinal design and the recruitment of a geographically diverse sample were 
strengths of this study; however, there was notable attrition in the sample size from survey 
one to three and limited variation in TUG scores. The findings of this study are thus not 
generalizable beyond the characteristics of our participants. Only self-reported TV time was 
used, which does not strongly reflect objectively-assessed sedentary time. Objectively-
measured sedentary behavior exposure across the whole day, including patterns of exposure, 
should also be examined. Further, the AusDiab study was not necessarily powered to address 
the research questions in this study, particularly with a sample limited only to older adults. 
However, the effect size obtained in the multiple regression are considered large. Lastly, 
although we adjusted our models for several confounding variables, we were not able to 
adjust for environmental or cognitive factors (due to missing values), which may be related to 
sedentary time and can impact on functional performance. The lack of data on these variables 
is a noted limitation within the literature (5, 28). 
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In summary, this is the first study to examine trajectories of TV time in older adults using 
GBTM. While this study did not observe a statistically significant association of TV time 
trajectories with gait speed/mobility (TUG performance), an association was observed for 
lower limb muscle strength (KES performance). With the majority of adults in the moderate-
increasing trajectory of TV time, action is needed to counteract this negative trend. More 
longitudinal studies are needed to determine the causal relationship of sedentary time with 
other measures of physical function including muscle power, static and dynamic balance, 
coordination, flexibility, and body composition, as well as clinically relevant endpoints such 
as incident falls and fragility fractures. Future research would benefit from using a method 
such as GBTM to generate trajectories of sedentary time and to examine their correlates, 
including cognitive and environmental factors.  
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Appendix 6A. Baseline Characteristics of all Included Participants, Overall as Well as by 
Television Viewing Trajectory Pattern, From the AusDiab Dataset (n = 1938). 
Appendix 6B: Group based trajectory model of TV viewing time selection in a sample of 
community-dwelling older adults (n=1938). 
Appendix 6C. Regression Coefficients (β) of TV Viewing Time Trajectory Group with 
Performance on the TUG and KES Tests in the Unadjusted and age-Adjusted Models. 
Appendix 6D. Regression Coefficients (β) for Association of Quartiles of Baseline TV 
Viewing Time with Performance on the TUG and KES Tests in the Fully-Adjusted Model. 
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6.3 Discussion and implications of findings 
6.3.1 Overview and implications of findings 
The study presented in Section 6.2 was the first study to examine trajectories of TV time and 
subsequent performance-based physical function in older adults. There are a number of take 
away messages from the findings. Firstly, it was observed that TV viewing patterns are not 
stable over time. However, screen time patterns have been undergoing rapid changes since 
the introduction of ‘smart’ devices and on-demand TV such as Netflix. According to the TV 
and Media 2016 report, while traditional “free-to-air” TV screen time has decreased by an 
average of 2.5 hours per week, mobile screen use has increased by 4 hours per week, leading 
to an overall gain.143 If non-linear patterns of TV time are true, overall sedentary time may 
follow similar patterns.  
Secondly, the use of GBTM was shown to be a useful tool in determining TV time 
trajectories. This method could be retrospectively applied to other datasets, allowing for the 
examination of these associations in other population groups and for different measures of 
sedentary time. Repeated collection of objective data within cohort studies will provide the 
opportunity to examine not only these trajectories more precisely, but also to look at 
sedentary accumulation patterns across time. 
Third, the findings suggested that historic TV time may be a better predictor of muscle 
strength, measured by KES performance, than current TV time. Replication of these findings 
is needed to determine if historic TV time is more predictive of function, or if these findings 
are an artefact of measurement error based on the changing construct validity of TV time, as 
discussed earlier.  
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6.3.2 Alternative linear regression model and implications of findings 
In the study in Section 6.2, the moderate-increasing trajectory group was chosen as the 
referent group. This choice was based on it being the largest group and hence providing 
greater statistical power. However, a more hypothesis-based group to choose as the reference 
category would have been the consistently-low trajectory – the theoretically healthiest group. 
Comparison of all other groups against this referent would have potentially eased 
interpretation of the findings. To explore the impact of a different referent group, the 
trajectory analysis was repeated using the consistently-low trajectory as the reference 
category in unadjusted, age-adjusted and fully adjusted models (Table 6.1).  
In the unadjusted model, participants in the consistently-low trajectory had faster TUG 
performance compared to participants in the consistently-high (β = 1.17; 95% CI: 1.06, 1.30, 
P = 0.003) and high-increasing trajectories (β = 1.21; 95% CI: 1.05, 1.40, P = 0.012). No 
statistically significant associations of trajectory group with TUG performance were observed 
in the age-adjusted or fully-adjusted models (P > 0.05). For KES, the consistently-low 
trajectory performed better compared with the high-increasing trajectory in the unadjusted 
model (β = 0.76; 95% CI: 0.58, 0.99, P = 0.042), and the moderate-increasing trajectory in 
the fully-adjusted model (β = 0.86; 95% CI: 0.74, 1.00, P = 0.051). These results are in line 
with the hypothesis that participants watching the least amount of TV over time (i.e., those in 
the consistently-low trajectory) would have better physical function compared to those with 
larger amounts of TV viewing over 12 years. The non-statistically significant associations are 
likely a product of inadequate power, with most effect sizes remaining in the expected 
direction. These results are also in line with those in the original manuscript for associations 
in the fully adjusted model.
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Table 6.1. Regression Coefficients (β) of TV Viewing Time Trajectory Group With Performance on the TUG and KES Tests in the Unadjusted, 
Age-Adjusted, and Fully Adjusted Models (n=1938). 
TV viewing Trajectory 
Group 
 Unadjusted model Age-adjusted model Fully adjusted model 
 β 95%CI P-value β 95%CI P-value β 95%CI P-value 
Timed up-and-go test (sec)a           
Stable Low (ref)           
Low-Increasing  1.09 1.00, 1.20 0.057 1.02 0.94, 1.11 0.554 1.00 0.92, 1.09 0.991 
Moderate-Decreasing  0.99 0.89, 1.10 0.808 0.98 0.90, 1.08 0.715 1.01 0.93, 1.10 0.834 
Moderate-Increasing  1.07 0.98, 1.18 0.124 1.03 0.94, 1.12 0.541 1.02 0.94, 1.11 0.621 
Stable High  1.17 1.06, 1.30 0.003 1.03 1.06, 1.13 0.514 1.00 0.91, 1.09 0.933 
High-Increasing  1.21 1.05, 1.40 0.012 1.04 0.92, 1.18 0.519 0.95 0.84, 1.07 0.384 
Knee extensor strength test 
(kg)b  
         
Stable Low (ref)           
Low-Increasing  0.95 0.75, 1.19 0.644 1.02 0.80, 1.30 0.853 0.99 0.84, 1.17 0.902 
Moderate-Decreasing  1.09 0.90, 1.32 0.374 1.10 0.89, 1.34 0.370 1.02 0.86, 1.20 0.821 
Moderate-Increasing   0.90 0.75, 1.07 0.222 0.95 0.79, 1.14 0.551 0.86 0.74, 1.00 0.051 
Stable High  0.95 0.78, 1.15 0.582 1.10 0.90, 1.34 0.339 1.02 0.87, 1.20 0.775 
High-Increasing  0.76 0.58, 0.99 0.042 0.91 0.68, 1.20 0.494 0.82 0.64, 1.06 0.132 
Abbreviations: CI, confidence interval. a back transformed from the log scale; fully-adjusted model adjusted for: age, sex, BMI, tertiary education, marital status, urban vs 
rural living, employment status, smoking status, leisure time physical activity, previous angina, stroke or heart attack, and known hypertension; regression analysis is 
expressed as per second taken to complete TUG test. b back transformed from the log scale; fully-adjusted model adjusted for: as TUG plus thigh length; regression analysis 
is expressed as per kg/thigh length. 
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6.3.3 Overall summary 
Collectively to date, the studies in this Thesis have addressed the association of sedentary 
time with physical function across both cross-sectional and longitudinal data, and with 
community-dwelling older adults and those living in aged care. However, one gap not yet 
addressed is the potential for reverse causation between sedentary time and function. That is, 
the potential that diminishing physical function leads to higher sedentary time. The study in 
Chapter 7 addresses this limitation by investigating the bi-directional relationship of sitting 
time and physical function in more than 10,000 Australian retirees.
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CHAPTER 7 
Bidirectional associations of sedentary behaviour and physical 
function in older adults 
7.1 Introduction 
The cross-sectional studies to date suggest that sedentary time is detrimentally associated 
with some measures of function, particularly in clinical/RAC settings and in the oldest old. In 
addition, longitudinal studies have shown that sedentary behaviour is predictive of physical 
function decline. However, the potential for reverse causality is yet to be explored. Further, 
previous studies have observed that levels of sedentary time tend to vary depending on 
factors such as age, gender, BMI, and physical activity. For example, a meta-analysis of 
sitting time in older adults showed that men tend to sit for approximately 30 minutes more 
than women each day (when examined with an objective activity monitor).8 Another 
systematic review also concluded that higher obesity is a risk factor for higher sedentary 
time,82 while another found an inverse association of sedentary time with physical activity.150 
Consequently, there may be variations by these factors (that is: age, gender, BMI, physical 
activity) in the bi-directional associations of sitting time and physical function. Investigating 
whether the bi-directional associations of sitting with function differ by these factors can help 
to identify whether there are certain groups at greater risk. Unfortunately, most available 
datasets do not have a sufficient number of participants to adequately explore associations 
within subsections of their dataset.  
This chapter aims to address these limitations within the literature by using data from more 
than 10,000 retirees from a sub-sample of the Sax Institutes’ 45 and Up study, termed the 
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Social, Economic, and Environmental Factor (SEEF) study. Section 7.2 discusses the 
methods and methodological considerations of the 45 and Up and SEEF studies, beyond what 
is explained in the manuscript. Section 7.3 then presents the published study examining the 
bi-directional association of sitting time with function in Australian retirees. Participants were 
required to be retired at the time of baseline assessment to exclude any changes to sitting time 
due to changes to occupational roles. The chapter concludes with a discussion and 
implications of the findings in Section 7.4.  
7.2  45 and Up and SEEF methods and methodological 
considerations 
The 45 and up dataset was designed to provide long-term collaborative data investigating 
healthy ageing.151 With life-expectancy on the rise, the number of older adults and the oldest 
old (i.e., those >80 years) is likely to impact most aspects of society in the coming years. In 
addition, the determinants of healthy ageing are widespread, ranging from environmental, 
socioeconomic, cultural, and behavioural factors (e.g., alcohol consumption, cigarette 
smoking, diet, physical activity), through to the availability and use of healthcare services and 
individual susceptibility to disease. Therefore, the purpose of the 45 and Up study was to 
provide a comprehensive assessment of healthy ageing, which includes investigating a wide 
range of possible exposures. Priority research areas for the study include:  
1. Social and economic determinants of healthy ageing, including income, education, 
ethnicity, work and retirement, social capital and rurality. 
2. Health effects of obesity, overweight and physical activity. 
3. Impact of environmental factors on healthy ageing. 
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4. Risk factors for, and the detection and management of, cancer, cardiovascular disease 
and mental health problems, including depression. 
5. Use of health services in relation to ageing, including the determinants of use of 
residential aged care. 
6. Health in people aged 80 years and over (the ‘old old’). 
This section details the sample selection, study protocols and measures of the 45 and Up 
study first. It then provides additional information unique to the SEEF study. The section 
concludes with a summary of the strengths and limitations of both studies.  
7.2.1 Sample selection and protocols  
The 45 and Up study 
Baseline recruitment was conducted between 2006 and 2009. A random sample of 
individuals aged 45 years and above registered with Medicare Australia, the database through 
which national healthcare is administered, were mailed an information leaflet and invitation 
to participate in the study. The study has recruited its target of more than a quarter of a 
million people from the state of New South Wales, Australia. The study over-sampled 
individuals aged 80+ years and those in rural areas, by a factor of two, to facilitate 
investigation of these populations. Repeat questionnaires are administered in 5-yearly 
intervals. 
In addition to the baseline survey and 5-yearly follow-up surveys, the study also utilises 
linkage data from other registries (e.g., deaths, cancer registrations, hospitalisations), as well 
as biological data and more specific measures from sub-studies intended to be conducted 
within the cohort.151 The baseline survey consisted of the following broad categories of 
questions: demographic and social characteristics (age, education, income, work or retirement 
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status); health status (functional capacity, psychological distress, oral health, incontinence), 
medical and surgical history; risk factors for known causes of morbidity and mortality 
(smoking, alcohol consumption, fruit and vegetable consumption); confounding factors 
(medication use, family history of illness); and, potential mediators of risk factors (sleep 
habits, other dietary information, physical activity).  
The Social, Economic, and Environmental Factor (SEEF) sub-study  
The first 100,000 participants of the overall cohort received an additional questionnaire to 
provide more information on social, environmental and economic factors, and health status. 
A total of 60,404 respondents returned the survey (60.4% response rate), which asked similar 
questions to the baseline survey with several additional health-related measures. Further 
information on the SEEF study and measures is found within the manuscript in Section 7.3. 
7.2.2 Strengths and limitations of the 45 and Up study and SEEF sub-study 
The 45 and Up study is the largest population-based cohort study in Australia, and the 
Southern Hemisphere more broadly. The data linkage aspect of the study means that new 
information will become available even on participants lost to follow-up. The sample 
recruited is heterogeneous, enabling the investigation of associations across many factors. 
The comprehensiveness of data collected allows for the investigation of numerous research 
questions spanning aetiology, epidemiology and biology. 
One limitation of this study is the lack of clinical data on the full cohort, including, but not 
limited to, blood pressure, anthropometry, and cognition (although clinical data on sub-
cohorts is available). In addition, the study cohort is likely not representative of the general 
Australian population as participants from only one state in Australia were recruited.  
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Section 7.3 includes the unformatted version of the study investigating bi-directional and sub-
group relationships of sitting time and physical function in Australian retirees. The study was 
published in Journals of Gerontology, Series A in 2018. 
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7.3 Sitting time and physical function in Australian retirees: An 
analysis of bidirectional relationships 
 
Abstract 
BACKGROUND: There is limited evidence on the directionality of the associations of sitting 
time with physical function. This study examined the longitudinal associations of sitting time 
with changes in physical function, and physical function with changes in sitting time.  
METHOS: Data from 10,027 retirees in the Social, Economic, and Environmental Factor 
(SEEF) population-based cohort were collected in 2006-08 and in 2010-11. Daily sitting time 
was assessed by a single item question. Physical function was measured with the Medical 
Outcomes Study Physical Functioning Scale (range 0-100) with participants categorized as: 
no; minor; moderate; or severe limitation. General linear regression models, adjusted for 
covariates, were used to assess associations of sitting time with physical function for all 
participants and in sub-groups according to sex, and categories of body mass index, physical 
activity, and physical function limitations.  
RESULTS: Each hour of baseline sitting was associated with declines in physical function 
for women (0.20 units [95% confidence interval=0.04 to 0.37]) and those with severe 
Published manuscript 
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functional limitations (0.65 units [95% CI 0.20 to 1.12]). Each unit of baseline physical 
function was associated with declines in sitting time for all participants (0.009 hours/day 
[95%CI 0.005 to 0.013]) and for all subgroups.  
CONCLUSIONS: There was limited evidence of a bidirectional association of sitting time 
with physical function except in women and people with severe functional limitations. Health 
promotion efforts are needed to address the impact of poor physical function on increases in 
sitting time which result in further functional declines for these subgroups of the population. 
Keywords: sedentary behavior; sitting time; physical function; population-based cohort; 
longitudinal studies 
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INTRODUCTION 
Globally, older adults are the fastest growing age group worldwide with the proportion of 
adults aged 65 years or more expected to increase to 22%, or 2 billion people, by 2050 (1). In 
Australia alone, population projections indicate that there will be over 11 million older adults 
by 2061, which represents one-fifth of the total projected population (2). Unfortunately, little 
evidence is available to indicate that greater longevity is associated with maintained health 
during the later years of life (1). The maintenance of physical function is an important aspect 
of health (3). Deteriorating physical function is pervasive in the aging process (4), and is 
associated with numerous detrimental health outcomes (1) and increased health-care burden 
(5). 
While moderate- to vigorous-intensity physical activity (MVPA) is an established means of 
maintaining function (6), emerging research indicates a relationship between sedentary time 
and function in adults. Sedentary or sitting time refers to any waking activities in a seated or 
reclined posture with low energy expenditure (7). Two recent systematic reviews report that 
older adults sit for approximately nine hours per day (8, 9) which represents 65-80% of their 
waking hours (9) and makes them the population group with the highest levels of sitting time 
(8). Therefore, evaluating if and how sitting and function are associated is particularly 
important in this population especially given the postulated role that reducing sitting time 
may have in getting older adults more active (10). 
A number of cross-sectional studies have reported that higher levels of sitting are associated 
with poorer physical function (11-16). This finding is consistent across measurement tools of 
sedentary behavior (i.e., self-reported (12) vs device measured (11)) and physical function 
(self-reported (15) vs performance based (11)), across multiple domains of functioning (i.e., 
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upper (12) and lower body function (16)). Some studies also suggest that this association is 
independent of levels of MVPA (11, 14). One notable analysis including more than 60,000 
participants from the Women’s Health Initiative Observational Study found that those in the 
lowest quartile of self-reported sedentary time reported better physical function (SF-36 
physical function subscale) compared to participants in all higher quartiles of sedentary time 
(13). While these studies indicate an inverse association between sedentary behavior and 
physical function, others have observed no (17-20) and one study even opposite (21) 
findings. These inconsistencies within the literature require further investigation. 
A major limitation of the current evidence base is the lack of longitudinal data. To the best of 
our knowledge, there have been only five longitudinal studies examining sedentary behavior 
and physical function (13-15, 22, 23). These studies found that higher levels of sedentary 
time are associated with both poorer self-reported (13, 15, 22) and performance based 
function (gait speed and five times sit to stand test (14), and knee extension strength. (23)) 
However, no studies have examined the concurrent bidirectional associations between 
sedentary behavior and physical function (i.e., does sedentary behavior predict physical 
function and/or vice versa). This is important to investigate as evidence suggesting a 
bidirectional association may influence future intervention strategies. People with lower 
physical function have reduced capacity to move around and this may result in more time 
spent sitting. Given that we know that sedentary behavior is predictive of poorer health 
outcomes in older adults, if poor function results in more sitting time this increases the 
likelihood of further deteriorations in health. In addition, given the differences in sedentary 
behavior by sex (9, 24), BMI categories (24), and levels of physical activity (25), sub-group 
analyses, investigating these moderating factors is imperative. 
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To address these evidence gaps, the primary aim of this study was to investigate the 
longitudinal bidirectional associations of sedentary behavior with physical function in older 
adults. Given that employment status is associated with sedentary time in older adults (24) 
and that retirement is associated with changes in sedentary time (26-28), we conducted the 
study in retirees. A further aim of this study was to investigate whether these associations 
differed by personal characteristics (e.g., sex, body mass index (BMI) category, age group) 
and health-related factors (physical activity category and functional limitations).  
METHODS 
Sampling and procedures  
Participants were drawn from the Social, Economic, and Environmental Factor study (SEEF) 
(n=60,404), a follow-up of a subsample of the Sax Institute’s 45 and Up Study, which 
comprised 267,153 adults aged ≥45 years from the state of New South Wales, Australia. 
Baseline participants for the 45 and Up Study were surveyed between February 2006 and 
December 2009 (participation rate=18%) (29). In 2010 the first 100,000 respondents were 
invited to participate in the SEEF study (response rate, 60.4%; 3.4 ± 0.95 years follow-up 
time). All participants completed consent forms for both surveys. The 45 and Up and SEEF 
studies were approved by the University of New South Wales Human Research Ethics 
Committee (reference, HREC 05035) and the University of Sydney Human Research Ethics 
Committee (reference, 10–2009/12187).  
Our analyses were restricted to those who were retired at both baseline and follow-up, so that 
the change in sitting time refers to non-occupational settings only, and is not influenced by 
change in working situation. To minimize residual confounding from major chronic diseases 
and disability, and as a common practice by previous studies on sedentary behavior (30, 31), 
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we further eliminated those with prior diagnosis of cardiovascular disease or cancer (except 
for non-melanoma skin cancer), and those who reported needing help on daily tasks due to 
disability or long-term illness. The final sample size included 10,027 participants with 
complete data (Figure 1).  
 
 
 
 
Figure 1. Participant flow diagram: Selecting the analytical sample, Social, Economic, and 
Environmental Factor study (SEEF), New South Wales, Australia, 2006-2010 
Measures 
Participants completed a self-administered questionnaire at both baseline and follow-up 
(https://www.saxinstitute.org.au/our-work/45-up-study/questionnaires/). Total daily sitting 
time was assessed using a single question “About how many hours in each 24-hour day do 
Not retired at baseline 
 
Had CVD 
 
Had previous cancer diagnosis 
 
  
Needed help for daily tasks due to disability/long-term illness 
438 
No data on disability/long-term illness 
 
Missed sitting question at least at one time point 
 
Missed physical function question at least at one time point 
1 218 
Missing covariates 
 
Total baseline sample 
 
n=23,729 
n=17,244 
n=13,826 
n=13,388 
n=12,741 
n=11,255 
n=10,037 
n=10,027 
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you usually spend sitting?” and expressed as hours/day. This is similar to the validated sitting 
question from the International Physical Activity Questionnaire (32). Physical function was 
measured with the 10-item Medical Outcomes Study Physical Functioning Scale (MOS-PF), 
which assesses functional capacity for daily activities. The MOS-PF uses a scale from 0 to 
100 (lower values represent lower physical function) and has good reliability and validity 
(33-35). Following previous established cut-off points from the 45 and Up study, we 
categorized the MOS-PF score as follows: no physical limitation (100); minor limitation (90-
99), moderate limitation (60-89), severe limitation (0-59) (36). Change in sitting time or 
physical function was calculated as follow-up amount (sitting time) or score (MOS-PF) – 
baseline amount or score. 
Covariates included age, sex, marital status (partnered; single), educational attainment 
(school certificate or lower; high school/trade/diploma; university or higher), location of 
residence (major cities; regional/remote), living situation (community dwelling; senior 
housing; other), and current smoking status (yes; no). MVPA was measured using the Active 
Australia Survey which has acceptable reliability and validity (37, 38). Body mass index 
(BMI) categories, derived from self-reported height and weight, include underweight (<18.5 
kg/m2), normal weight (≥18.5 kg/m2 to <25 kg/m2), overweight (≥25 kg/m2 to <30 kg/m2), 
and obese (≥30 kg/m2). A previous study found high agreement between measured and self-
reported BMI categories among the 45 and Up participants (39). 
Statistical analysis 
To assess potential bi-directional associations between sitting time and physical function we 
conducted two analyses in STATA 13.0 (College Station, TX, USA). In Analysis 1, we 
examined whether sitting time at baseline is associated with functional decline during the 
Chapter 7 
177 
 
follow-up by regressing baseline sitting time (hours/day) on change in the MOS-PF score (as 
a continuous variable). In Analysis 2 we examined whether functional limitations at baseline 
are associated with change in sitting time during the follow-up by regressing baseline 
physical function categories on change in sitting time (hours/day).  
Both analyses used general linear regression with covariates entered to the models 
sequentially: Model 1 adjusted for the baseline value of the outcome and follow-up time, 
Model 2 additionally adjusted for age, sex, marital status, educational attainment, location of 
residence, living situation, and smoking, Model 3 further included BMI categories, and 
Model 4 added MVPA categories as an additional covariate. Unstandardized regression 
coefficients were reported for the overall sample, and by sex, age categories, BMI categories, 
levels of MVPA, and physical function at baseline (for Analysis 1 only).  
RESULTS 
Descriptive statistics of participants are presented in Table 1. On average the participants 
were almost 70 years old, 54% were female, and 20% had a university degree. The mean 
daily sitting time at baseline was 5.1 hours and the average physical function score was 84.5. 
The proportion of people in each category of functional limitation and the mean (SD) of daily 
sitting time was: no limitation, 27.1% (4.6 hr/day, SD=2.5); minor limitations, 32.2% (5.0 
hr/day, SD=2.5), moderate limitations, 29.4% (5.1 hr/day, SD=2.6); and severe 11.3% (5.6 
hr/day, SD=3.1). During the follow-up, participants reduced their sitting time by an average 
of 0.37 hours/day (SD 2.8) and their physical function declined by 4.3 points (SD=16.3).  
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Table 1. Baseline (2006-2008) characteristics of participants, N=10,027, New South Wales, 
Australia 
 Men 
(N=4626) 
Women 
(N=5401) 
Overall sample 
(N=10027) 
Age in years, mean (SD) 70.1 (7.9)  67.8 (7.8)  68.9 (7.9) 
Age category    
45-59 years 367 (7.9) 793 (14.7) 1160 (11.6) 
60-74 years 2999 (72.8) 3593 (66.5) 6592 (65.7) 
75+ years 1260 (27.2) 1015 (18.8) 2275 (22.7) 
Marital status    
Single/divorced/widowed/separated 756 (16.3) 1600 (29.6) 2356 (23.5) 
Married/de-facto 3870 (83.7) 3801 (70.1) 7671 (76.5) 
Educational attainment    
School certificate or lower 1190 (25.7) 2491 (46.1) 3681 (36.7) 
High school/trade/diploma 2318 (50.1) 1987 (36.8) 4305 (42.9) 
University or higher 1118 (24.2) 923 (17.1) 2041 (20.4) 
Location of residence    
Major cities 2601 (56.2) 3291 (60.9) 4135 (41.2) 
Regional/remote 2025 (43.8) 2110 (39.1) 5892 (58.8) 
Living situation    
Community dwelling 4387 (94.8) 5067 (93.8) 9454 (94.3) 
Senior housing (hostel for the aged, 
nursing home, retirement village) 
230 (5.0) 316 (5.9) 546 (5.5) 
Other 9 (0.2) 18 (0.3) 27 (0.3) 
Current smoker    
Yes 177 (3.8) 206 (3.8) 383 (3.8) 
No 4449 (96.2) 5195 (96.2) 9644 (96.2) 
Body mass indexa    
Underweight 37 (0.8) 82 (1.5) 119 (1.2) 
Normal 1645 (35.6) 2292 (42.4) 3937 (39.3) 
Overweight 2161 (46.7) 1952 (36.1) 4113 (41.0) 
Obese 783 (16.9) 1075 (19.9) 1858 (18.5) 
Baseline sitting time in hours/day, 
mean (SD) 
5.2 (2.6) 4.9 (2.5) 5.1 (2.6) 
Change in sitting time in hours/day, 
mean (SD) 
-0.40 (3.00) -0.34 (2.65) -0.37 (2.81) 
Baseline physical function score, 
mean (SD)b 
85.9 (17.9) 83.2 (19.7) 84.5 (18.9)  
Change in physical function score, 
mean (SD) 
-3.98 (16.6) -4.52 (16.1) -4.30 (16.3) 
Note. Data are n (%) except where indicated; SD, standard deviation 
aBody mass index (BMI) was calculated from self-reported height and weight and categorized as: underweight 
(<18.5 kg/m2), normal weight (≥18.5 kg/m2 to <25 kg/m2), overweight (≥25 kg/m2 to <30 kg/m2), and obese 
(≥30 kg/m2). bPhysical function was measured using the 10-item Medical Outcomes Study Physical Functioning 
Scale (MOS-PF) (35), a scale from 0 to 100 (with higher values representing better function). 
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Association between baseline sitting time and change in physical function 
In the overall model for all participants, the effect size for changes in physical function by 
baseline sitting time became incrementally smaller as more covariates were added to the 
models, i.e. from model 1 to model 4 and were non-significant for models 3 and 4. The 
patterns of association were similar for most subgroups, except for sex and physical function. 
The effect size was much larger for women and there was almost no effect among men (p for 
interaction=0.049). In addition, there was significant effect modification by baseline physical 
function. Those with the most severe limitations had the largest effect sizes, while there was 
almost no effect for those with minor or moderate limitations at baseline. The effects were 
larger among those that were not sufficiently physically active at baseline, but the p for 
interaction by activity categories was non-significant. Adjusting for physical activity category 
attenuated the effect size in women and those with severe functional limitations, but the 
association remained statistically significant in the fully adjusted models. For each additional 
hour of sitting at baseline, there was a 0.20 (95% confidence interval: 0.04 to 0.37) and 0.65 
(0.20 to 1.12) unit decrease in physical function for women and people with severe 
limitations at baseline, respectively (Table 2). 
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Table 2. Association of baseline daily sitting time with change in physical function from baseline (2006-2008) to follow-up (2010-11), 
N=10,027, New South Wales, Australia 
 Model 1a 
B (95%CI) 
Model 2b 
B (95%CI) 
Model 3c 
B (95%CI) 
Model 4d 
B (95%CI) 
All participants  -0.15 (-0.27,-0.03)* -0.14 (-0.26, -0.02)* -0.11 (-0.22, 0.01) -0.09 (-0.21, 0.03) 
Subgroup analyses     
Sex     
Men -0.04 (-0.22, 0.14) -0.01 (-0.20, 0.20) 0.00 (-0.17, 0.17) -0.01 (-0.16, 0.18) 
Women -0.29 (-0.46. -0.12)** -0.26 (-0.43, -0.10)** -0.21 (-0.28, -0.05)* -0.20 (-0.37, -0.04)* 
Age category     
45-59 years -0.15 (-0.46, 0.16) -0.12 (-0.43, 0.19) -0.08 (-0.39, 0.23) -0.08 (-0.39, 0.23) 
60-74 years -0.07 (-0.21, 0.07) -0.11 (-0.25, 0.04) -0.08 (-0.22, 0.06) -0.08 (-0.22, 0.06) 
75+ years -0.24 (-0.53, 0.06) -0.26 (-0.56, 0.04) -0.24 (-0.54, 0.06)  -0.21(-0.50, 0.09) 
BMI categorye     
Underweight 0.01 (-1.16, 1.18) 0.03 (-1.09, 1.15) --h 0.11 (-1.03, 1.25)  
Normal weight -0.09 (-0.27, 0.09)  -0.04 (-0.22, 0.14) --h -0.03 (-0.21, 0.15) 
Overweight  -0.15 (-0.35, 0.04) -0.14 (-0.33, 0.05) --h -0.13 (-0.32, 0.06) 
Obese -0.18 (-0.48, 0.12) -0.14 (-0.44, 0.16) --h -0.11 (-0.41, 0.19) 
MVPA categoryf     
<150 min/week -0.38 (-0.72, -0.05)* -0.33 (-0.66, -0.01)* -0.30 (-0.62, 0.03) --i 
150-299 min/week 0.14 (-0.20, 0.47) 0.10 (-0.23, 0.43) 0.13 (-0.20, 0.46) --i 
>300 min/week -0.09 (-0.23, 0.05) -0.08 (-0.22, 0.05) -0.06 (-0.20, 0.08) --i 
Physical function at baselineg     
No limitation -0.17 (-0.35, 0.14) -0.17 (-0.35, 0.14) -0.15 (-0.33, 0.03) -0.15 (-0.33, 0.03) 
Minor limitation  0.02 (-0.15, 0.20) 0.02 (-0.16, 0.19) 0.04 (-0.14, 0.21) 0.05 (-0.13, 0.23) 
Moderate limitation -0.01 (-0.26, 0.25) 0.01 (-0.25, 0.25) 0.04 (-0.21, 0.29) 0.05 (-0.20, 0.30) 
Severe limitation  -0.85 (-1.33, -0.38)*** -0.78 (-1.23, -0.32)*** -0.74 (-1.20, -0.28)** -0.65 (-1.12, -0.20)** 
* p<0.05; ** p<0.01; *** p<0.001; Effect modification by the following variables have reached statistical significance at p<0.05: sex, baseline physical function 
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aModel 1: Adjusted for baseline MOSPF score and follow-up time only. bModel 2: Adjusted for variables in Model 1+ age, sex, marital status, educational attainment, 
location of residence, living situation, and smoking. cModel 3: Adjusted for variables in Model 2 + body mass index category. dModel 4: Adjusted for variables in Model 3 + 
moderate-to-vigorous physical activity category. eBody mass index (BMI) was calculated from self-reported height and weight and categorized as: underweight (<18.5 
kg/m2), normal weight (≥18.5 kg/m2 to <25 kg/m2), overweight (≥25 kg/m2 to <30 kg/m2), and obese (≥30 kg/m2). fModerate-to-vigorous physical activity (MVPA) was 
measured using the Active Australia questionnaire (37). gPhysical function was measured using the 10-item Medical Outcomes Study Physical Functioning Scale (MOS-PF) 
(35), a scale from 0 to 100 (with higher values representing better function). When scores were categorized, the following cut-off points were used: no limitation (100); minor 
limitation (90-99), moderate limitation (60-89), severe limitation (0-59) (36). hThe variable of BMI category was omitted from the model and therefore Model 3 was identical 
to Model 2. iThe variable of MVPA category was omitted from the model and therefore Model 4 was identical to Model 3. 
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Association between baseline physical function and change in daily sitting time 
There were significant and consistent associations between baseline functional limitations 
and change in sitting over time. In the entire sample, for each unit increase in baseline 
physical function, sitting time decreased by 0.009 (95%CI 0.007, 0.011) hours/day. The 
largest effect was seen in underweight people, where each additional unit in physical function 
at baseline was associated with a decrease of 0.032 (0.012 to 0.051) hours/day in sitting time 
or for every 10 unit higher score, there was a 2.24 hours/week reduction in sitting time (Table 
3). Similar to the associations of baseline sitting time with physical function at follow up, 
effect sizes became smaller as models were adjusted for additional covariates of BMI and 
physical activity categories (Models 3 and 4). In contrast, the associations of baseline 
physical function with follow up sitting time were not attenuated to the null and they 
remained statistically significant (Table 3). This pattern was consistent among all subgroups 
(p for interaction was non-significant for all comparisons). 
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Table 3. Association of baseline physical functiona with change in daily sitting time from baseline (2006-2008) to follow-up (2010-11), 
N=10,027, New South Wales, Australia 
 Model 1d 
B (95%CI) 
Model 2e 
B (95%CI) 
Model 3f 
B (95%CI) 
Model 4g 
B (95%CI) 
All participants -0.011 (-0.013, -0.009)*** -0.010 (-0.013, -0.009)*** -0.010 (-0.012, -0.008)*** -0.009 (-0.011, -0.007)*** 
Subgroup analyses     
Sex     
     Men -0.011 (-0.014, -0.007)*** -0.011 (-0.015, -0.008)*** -0.010 (-0.014, -0.007)*** -0.009 (-0.013, -0.005)*** 
     Women -0.012 (-0.014, -0.010)*** -0.011 (-0.013, -0.008)*** -0.009 (-0.011, -0.007)*** -0.009 (-0.011, -0.006)*** 
Age category     
45-59 years -0.009 (-0.012, -0.006)*** -0.008 (-0.011, -0.005)*** -0.006 (-0.010, -0.003)*** -0.006 (-0.009, -0.003)*** 
60-74 years -0.010 (-0.014, -0.007)*** -0.011 (-0.014, -0.007)*** -0.010 (-0.014, -0.006)*** -0.008 (-0.012, -0.005)*** 
75+ years -0.014 (-0.018, -0.010)*** -0.014 (-0.018, -0.010)*** -0.013 (-0.017, -0.008)*** -0.012 (-0.017, -0.007)*** 
BMI categoryb     
Underweight -0.028 (-0.044, -0.011)** -0.026 (-0.044, -0.009)** --h -0.032 (-0.051, -0.012)** 
Normal weight -0.013 (-0.017, -0.010)*** -0.012 (-0.016, -0.009)*** --h -0.011 (-0.015, -0.007)*** 
Overweight -0.008 (-0.011, -0.005)*** -0.007 (-0.011, -0.004)*** --h -0.006 (-0.010, -0.003)** 
Obese -0.009 (-0.013, -0.004)*** -0.009 (-0.013, -0.005)*** --h -0.008 (-0.013, -0.004)*** 
MVPA categoryc     
<150 min/week -0.011 (-0.015, -0.007)*** -0.011 (-0.016, -0.006)*** -0.009 (-0.014, -0.004)*** --i 
150-299 min/week -0.007 (-0.012, -0.002)** -0.007 (-0.012, -0.002)** -0.007 (-0.013, -0.001)* --i 
>300 min/week -0.010 (-0.013, -0.007)*** -0.010 (-0.012, -0.007)*** -0.09 (-0.011, -0.006)*** --i 
* p<0.05; ** p<0.01; *** p<0.001; Effect modification by BMI category reached statistical significance at p<0.05 
Note. aPhysical function was measured using the 10-item Medical Outcomes Study Physical Functioning Scale (MOS-PF) (35), a scale from 0 to 100 (with higher values 
representing better function). bBody mass index (BMI) was calculated from self-reported height and weight and categorized as: underweight (<18.5 kg/m2), normal weight 
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(≥18.5 kg/m2 to <25 kg/m2), overweight (≥25 kg/m2 to <30 kg/m2), and obese (≥30 kg/m2). cModerate-to-vigorous physical activity (MVPA) was measured using the Active 
Australia questionnaire (37). 
dModel 1: Adjusted for baseline MOSPF score and follow-up time only. eModel 2: Adjusted for variables in Model 1+ age, sex, marital status, educational attainment, 
location of residence, living situation, and smoking. fModel 3: Adjusted for variables in Model 2 + BMI category. 
gModel 4: Adjusted for variables in Model 3 + MVPA category. hThe variable of BMI category was omitted from the model and therefore Model 3 was identical to Model 2. 
iThe variable of MVPA category was omitted from the model and therefore Model 4 was identical to Model 3. 
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DISCUSSION 
This is the first study to assess bidirectional relationships of sitting time with physical 
function. Sitting time predicted declines in physical function in women, but not in men and 
only in those with severe functional limitations at baseline and not in those with no, minor, or 
moderate limitations. There was no effect across categories of age, BMI, or MVPA. In 
contrast, baseline physical function predicted change in sitting time over the follow-up in all 
participants and across all sub-groups.  
Our finding that the association between baseline sedentary time and decline in physical 
function at follow-up only applied to women and those with the most severe functional 
limitations at baseline is in contrast to previous studies that have examined this relationship 
(13-15, 22, 23). All of these studies showed that high levels of sedentary time predicted 
poorer physical function in at least one measure of function at follow-up (13-15, 22, 23). Our 
average follow-up time of 3.4 years is less than some previous studies which had a follow-up 
time of 6 (15, 22), 9 (30), or 12 years (13, 23). As we excluded people who needed assistance 
in daily tasks, it is possible that our follow-up period was not long enough to observe an 
impact of sitting on physical function in more subgroups of our relatively healthy population. 
It is also plausible that objective performance tests are more sensitive to smaller functional 
declines than self-reported variables as the latter require the participant to have noticed and 
acknowledged a limitation. In one study with a shorter follow-up period of 2 years (14), the 
participants all had knee osteoarthritis or risk factors for that condition. It is possible that 
these participants had physical function limitations. Similarly, in our study we observed that 
sitting time was associated with declines in function at follow-up in people with severe 
limitations in function at baseline.  
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To our knowledge this is the first study to examine the impact of physical function on sitting 
time at follow-up. The finding that middle-aged and older people with poorer physical 
function increase their sitting over time is not surprising. Coupled with the finding that sitting 
time is associated with physical function declines in people with severe limitations indicates a 
vicious circle where poorer physical function leads to increased sitting time, which leads to 
further functional declines. Given that high levels of sitting time are predictive of premature 
mortality (40, 41), and in older adults associated with cardiometabolic disease, e.g. the 
metabolic syndrome (42), measures should be taken to address factors such as poor physical 
function that increase sitting time. Intervention trials should test whether improving physical 
function has any impact on sitting time. 
Strengths of this study include that data was from a large population-based cohort. Secondly, 
we limited the participants to those who were retired to remove the influence of change in 
occupational sitting. Therefore, these findings may not be relevant to those who undergo 
transitions in employment to part- or full-time retirement. Thirdly, we adjusted for a number 
of confounders likely to influence both sitting time and physical function. Finally, we tested 
for a range of effect modifiers to help elucidate our findings. The main limitation of the 
present study pertains to the measurement of sitting, which was by self-report only, similar to 
most large cohort studies. Further, sitting time was obtained from a single item, which did not 
allow further examination of the impact of sitting time accrued in different domains.  Other 
limitations include a relatively short follow-up period and selection bias, as the 45 and Up 
participants tend to be healthier than the general population (43). However, a previous study 
comparing the 45 and Up sample with a representative sample from New South Wales found 
that despite different prevalence of risk factors, the associations between risk factors and 
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outcomes were very similar (44). Future studies should include multi-domain and objective 
measures of sitting and objective measures of function. 
Conclusion 
Our findings indicate that retired middle-aged and older adults with poor physical function 
increased their sitting time across all population sub-groups. Women with high sitting time 
decreased their physical function. For people with severe functional limitations there was 
evidence of a bidirectional association of sitting time with physical function. For these 
people, programs are needed to ameliorate the cycle of poor physical function resulting in 
high sitting time and leading to further functional decline which may reduce individual’s 
capacity to live independently and increase their risk of developing further health problems. 
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7.4 Discussion and implication of findings 
The study reported in Section 7.3 is the first to investigate bi-directional associations of 
sedentary time with physical function. This study observed that poor physical function at 
baseline is associated with higher sitting time at follow-up. In addition, those with the most 
physical limitations at baseline and high sitting time experienced further declines in function 
at follow-up. These findings provide some support for the proposed mechanism underpinning 
the association of sedentary behaviour and physical function explained in Chapter 2, Section 
2.4.2. This mechanism suggests that sedentary behaviour and physical function are not 
related linearly, but rather influence one-another. Further research is needed to address the 
potential confounding and mediating factors that may be involved in this association. 
Particular focus on the modifiable risk factors that can be addressed in targeted interventions 
is also warranted, including, but not limited to, policy and environmental factors, and both 
inter- and intra-personal factors. These factors are discussed further in Chapter 8. In addition, 
for those already approaching older age, the transition to retirement (at around 65 years of 
age in most developed world countries) may present a unique opportunity to disrupt previous 
habits and introduce health-promoting behaviours.152 Indeed, many studies show a positive 
effect of health interventions in retirement age participants.153  
Chapter 8 summarizes and integrates the findings from this Thesis and discusses them in 
terms of their limitations, corresponding future research directions and public health policy 
implications. 
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CHAPTER 8 
Discussion 
8.1 Introduction  
The overall aim of this Thesis was to advance the understanding of the associations of 
sedentary time with physical function in older adults by examining them across settings 
(community-dwelling and residential aged care), measurement methods (self-report and 
objective), and study designs (cross-sectional and longitudinal). This aim was addressed as a 
systematic review in Chapter 2 and in individual published studies incorporated into Chapters 
3 to 7. This chapter summarises the key findings from the Thesis as a whole and discusses 
them in relation to the broader literature. The limitations and corresponding recommendations 
for future research are also discussed within each key finding. This chapter concludes with a 
discussion of the public health policy and practice implications of this research. 
 
8.2 Key research findings, limitations and recommendations for 
future research 
Across the systematic review in Chapter 2 and the five manuscripts (Chapters 3 – 7) 
presented in this Thesis, the key findings were that: 
• There is mixed evidence that sedentary time is associated with physical function in 
healthy, community-dwelling older adults, with approximately half of studies 
observing a significant and detrimental association (Chapters 2, 3 and 4); 
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• Associations tend to be detrimental and statistically significant in populations with 
poorer health, such as in aged care residents (Chapters 2 and 5); 
• Lifetime sedentary behaviour may influence physical function in later life, such that 
higher sedentary behaviour across the adult lifespan is associated with poorer function 
in older age (Chapters 2, 6 and 7); and, 
• Sedentary time and physical function appear to be involved in a negative feedback 
loop, such that poor physical function (e.g., triggered by injury or illness) leads to 
higher sedentary time, leading to further reductions in function and other detrimental 
health outcomes (Chapters 2 and 7). 
8.2.1 Key finding 1: There is mixed evidence for an association of sedentary 
time with physical function in healthy, community-dwelling older adults. 
The systematic review in Chapter 2 presented a total of 15 cross-sectional studies specifically 
in community-dwelling older adults. Of these, seven observed a deleterious association of 
sedentary time with physical function,101,102,122-124,126,128 while seven did not find a significant 
association,100,103,105,119-121,125 and one found a positive association.104 However, given that the 
vast majority of these previous studies used self-reported or hip/wrist worn accelerometer 
derived measures of sedentary time (see Section 2.4.1.2), one aim of this Thesis was to 
address if associations were identifiable using a highly sensitive posture monitor to assess 
sedentary time in conjunction with performance-based physical function measures (Chapters 
3 and 4). Despite these sensitive exposure and outcome variables, few statistically significant 
associations were observed in either study.  
Collectively, the studies in the literature and those in Chapters 3 and 4 indicate highly mixed 
findings regarding the association of sedentary time with physical function in healthy, 
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community-dwelling older adults. Several factors appear to be driving these mixed results. 
Firstly, studies that use an objective measure of sedentary behaviour more often observe 
significant associations with physical function (discussed in detail in Chapter 2). This may be 
due to the fact that objective measures yield higher levels of sedentary time than self-report 
measures.8  
Secondly, the association appears stronger with certain physical function measures, including 
composite measures of function (i.e., the Senior’s Fitness Test and Short Physical 
Performance Battery), the TUG test, and gait speed.102,122-124 Associations with measures that 
assess lower and upper body strength, as well as balance, are less consistent. These 
differences may relate to the sensitivity of these measures (i.e., composite measures being 
more sensitive than single measures). Additionally, there may be a common mechanism 
between higher sedentary time and reduced gait/mobility, for example, which is not yet 
understood.  
Lastly, although studies in this section refer to community-dwelling older adults, the samples 
within them are likely to present with varying levels of health and may not be comparable to 
one another. The studies in Chapters 3 and 4 indicated that associations of sedentary 
behaviour with TUG and gait speed, for which previous evidence is somewhat established, 
were not present in a particularly healthy cohort. This could suggest that a threshold level of 
sedentary behaviour is required before an impact on function is observable (discussed further 
in Section 8.2.2). 
Considerations and future research recommendations 
The studies presented in Chapters 3 and 4 addressed Aim 2 of this Thesis and have added to 
the evidence base by using a posture monitor to assess sitting time. In addition, the studies 
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investigated associations with substantially larger datasets than in previous research using a 
posture monitor (i.e., > 50 people), providing greater power to detect smaller effect sizes. 
However, a limitation in both studies was recruitment bias. As mentioned in Section 3.2.1, 
the protocols for the activPAL3 recruitment in the AusDiab study meant that only five 
participants each day were recruited for this activity monitor sub-group, starting from the first 
eligible participant of the day. Those available in the morning may differ from those available 
for later sessions. Indeed, while the overall AusDiab sample was weighted to the Australian 
population, the participants who wore the activPAL3 monitor tended to be younger, and in 
better health and socioeconomic position compared with the overall AusDiab sample.134 
Similarly, participants for the STEPS study (Chapter 4) were volunteers for a 24-week 
exercise intervention, indicating a willingness and ability to exercise that may not be 
representative of the overall Australian population of older adults. All findings need to be 
interpreted in light of the generalisability of the research.  
A further limitation is that the physical function measures included across these two studies 
are not an exhaustive list, with many other measures targeting different aspects of function 
that still need to be addressed. Future research is needed to investigate the association of 
sedentary time with a broader range of functional measures, from other building blocks of 
function (e.g., muscle power) to bone health, sarcopenia, and activities of daily living. 
Perhaps most importantly, investigating associations of sedentary time with key endpoints of 
poor function, such as falls and fractures, is needed. In addition, composite measures of 
function (such as the Short Physical Performance Battery) may be better placed to detect 
small changes in functional status, compared with single measures. This is particularly 
important if conducting research in the general population where issues with physical 
function may be more subtle.  
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While the activPAL3 is a valid and reliable monitor that can distinguish sitting from standing 
and stepping,74 it examines lower-limb movement only and does not capture the context of 
activity. Thus, many forms of exercise that are enjoyable and/or beneficial for older adults, 
such as resistance training, Tai Chi, and stretching, may not be classified appropriately. 
Studies using a combination of monitoring devices to better capture the context within which 
activity occurs, as well as the types of activities, are needed. Traditional self-reported diary 
methods are valid and reliable154 but high in participant burden.29 New methods, such as 
body-worn cameras and geotracking, should be explored while being mindful of practicality, 
cost and privacy issues with these options. 
8.2.2 Key finding 2: Sedentary time is detrimentally associated with 
physical function in residential aged care and clinical settings. 
As discussed in Section 2.4, four other studies have investigated the association of sedentary 
time with physical function in residential aged care or assisted living settings.81,106,111,112 All 
studies found significant and detrimental associations with some measure of physical 
function. Chapter 5 has added to this literature and supports previous findings that sedentary 
behaviour is detrimentally associated with physical function in aged care residents. Each hour 
of sedentary time was significantly associated with an average 0.2 to 0.3 point lower score on 
the Short Physical Performance Battery, from a possible score of 0 (very low function) to 12 
(high function). While an important population group to target for health promotion (see 
Section 2.3.1) with both high sedentary time80 and low function,155 limited previous research 
has been conducted in adults residing in residential aged care. When studies have been 
conducted in various other clinical settings, associations of sedentary time with physical 
function are also consistently observed. These include in participants living with peripheral 
arterial disease,113 lumbar spinal stenonis,108 knee osteoarthritis,156 and those at risk of 
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mobility disability.114 Even in the general adult community (i.e., not limited to those ≥ 60 
years), associations of sedentary behaviour with physical function have been observed in 
people with cancer,157-160 those undergoing a lung transplant,107 post-stroke,161 and with 
symptomatic arthritis.162  
The reason why these associations are so often seen in certain populations and not in others is 
unclear. It is possible that a dose-response threshold exists, similar to that observed for 
sedentary time and cardiovascular health.163 In a meta-analysis of nine prospective cohort 
studies, a non-linear association of sedentary time with cardiovascular disease risk was 
observed, where risk did not become statistically significant until 10 or more hours of sitting 
per day.163 The average levels of sitting time observed in the studies in Chapters 3 and 4 were 
8.7 and 9.7 hours per day, respectively. Conversely, sitting time was over 12 hours per day in 
the RAC sample (Chapter 5). There may not be enough older adults at higher risk to have 
observed significant associations in the samples studied. This is consistent with the notion 
that a certain level of sedentary time is acceptable before impacting health, particularly if the 
sedentary time is accrued in relatively short bouts across the day. Future studies are needed to 
investigate if such a threshold exists before physical function is impacted. In addition, poor 
physical function may also be a precursor to higher sedentary time. This is consistent with the 
findings observed in Chapter 7 of this Thesis and will be discussed in greater detailed in 
Section 8.2.4.  
Considerations and future research recommendations 
With such limited data available on residents in aged care, the correlates and determinants of 
sedentary time in this setting are still unknown. Given the likely high variability in the 
support and activities offered within aged care centres as a result of differences in provider 
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characteristics, these correlates may be difficult to determine.164 An opportunity exists to 
further evaluate where opportunities to intervene within the aged care setting may be. 
Understanding if there is systematic variation in sedentary time and function across facilities, 
as well as the modifiable factors that might influence this, will be important for improving 
patient care in the future. 
Further, while the studies in this Thesis investigated both community-dwelling older adults 
and aged care residents, findings are not directly comparable. A recommendation for future 
research is to compare the associations of sitting time with function between community-
dwelling and RAC older adults who have been matched on key demographic variables, 
including but not limited to: age; gender; and, number or type of prescription medications. In 
addition, many other important groups of individuals at risk of poor function have not been 
investigated sufficiently in terms of how sedentary behaviour is associated with physical 
function, either in this Thesis or in the broader literature. Examples of such groups include 
those newly diagnosed with cancer and cancer survivors, those with osteoporosis or arthritis, 
stroke survivors, and those suffering injuries that affect their function. Extending our 
understanding more broadly will help inform clinical practice for these high-risk groups. 
8.2.3 Key finding 3: Lifetime sedentary behaviour may be predictive of 
physical function 
The investigation of sedentary time and physical function using longitudinal study designs is 
limited in this field, with only seven of the 28 studies included in the review undertaking 
longitudinal investigations.109,110,113,115-118 The studies presented in Chapters 6 and 7 aimed to 
help address this evidence gap and are discussed here. 
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In all previous longitudinal literature, sedentary time at baseline has been associated with at 
least one measure of function at follow-up. This includes measures of overall self-reported 
physical function, 109,110,115,116, the 6-minute walk test,113 gait speed,113,117,118 and muscle 
strength ([in]ability to rise from a chair).117 However, these studies were limited in two ways: 
firstly in how they quantified change in sedentary time; and, secondly, in that they didn’t 
investigate the potential of reverse causation. 
The study reported in Chapter 6 aimed to address the first limitation. This study investigated 
the association of longitudinally measured sedentary time (estimated using TV viewing time) 
with physical function (KES and TUG) over 12 years. A statistical method termed group-
based trajectory modelling was utilised, which allows for non-linear, data driven trajectories 
of TV time to be derived. This allowance is important given that sedentary time may not 
follow a consistent trajectory over the life course, and the derived trajectories did not rely on 
researcher knowledge (or bias) in determining them. The study reported six distinct 
trajectories: consistently-low, low-increasing, moderate-decreasing, moderate-increasing, 
consistently-high and high-increasing. As summarized in Section 6.3, the study observed that 
being in the low TV viewing trajectories was predictive of better KES performance, 
compared to those in the moderate-increasing trajectory. The study also found no statistically 
significant difference in KES or TUG performance between the mod-increasing and mod-
decreasing trajectories, which began with similar levels of weekly TV time and diverged to 
differ by approximately 15 hours/week at the end of the examination period. While these 
findings are in line with previous literature, they should be interpreted in light of the 
limitations of the TV viewing measure and the changing nature of screen time (discussed in 
Section 6.3). 
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Chapter 7 built on these findings by examining the bi-directional associations of sedentary 
time and physical function in retired older adults. Sub-group analyses, investigating this 
association across gender, body mass index category, functional limitation category, and 
physical activity category, were also conducted. Consistent with previous literature, the study 
observed that sitting time predicted declines in physical function. However, a key difference 
in this study was that associations were only observed in females and in people with physical 
limitations at baseline. In contrast, poorer physical function at baseline was associated with 
higher sitting time at follow-up across all sub-categories. This unique bi-directional 
association is further explored in Section 8.2.4.  
Collectively, previous studies and those in Chapters 6 and 7 in this Thesis provide support for 
the hypothesis that sedentary time over a number of years influences function in later life. In 
addition, the findings in Chapter 7 are indicative of the notion that associations may differ 
based on sex; however, this needs to be further explored. To date, seven of 28 studies 
presented in the systematic review in Chapter 2 investigated a sex interaction. In total, six 
studies found no evidence that an interaction exists,105,114,118,120-122 while one study observed 
that objectively measured sedentary time is associated with lower grip strength in men 
only.128 More broadly, other studies they found that sedentary time was associated with lower 
grip strength and gait speed in both men and women127,165, and chair stands performance in 
women only.127 In addition, only one longitudinal study has examined whether a sex 
interaction in the association of sedentary time with function exists but found no such 
evidence.118  
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Considerations and future research recommendations 
Although the studies presented in this Thesis addressed several evidence gaps concerning the 
longitudinal and bi-directional associations of sedentary time with physical function in older 
adults, a number of gaps still remain. Firstly, the vast majority of prospective studies use self-
report measures of sedentary time. As discussed in Chapter 2, Section 2.3.3, these measures 
not only underestimate total time spent sedentary, they also do not distinguish how the 
sedentary time is accrued. This includes the investigation of prolonged sitting and breaks in 
sitting, both of which have been associated with cardio-metabolic health,166,167 with 
prolonged unbroken sedentary time detrimentally associated,166 and regularly breaks in 
sedentary time beneficially associated.167 Moreover, self-report measures of sedentary time 
are poor at capturing incidental activity, which is likely to be the activity that displaces sitting 
time. Future prospective studies need to collect monitor-assessed sedentary time data that can 
extrapolate patterns of sitting and accurately capture incidental movement. 
Secondly, a limitation of the broader literature is that while studies most often statistically 
adjust for sex, many do not actively investigate interactions by sex. In this Thesis, the studies 
in Chapters 3, 4 and 7 examined sex differences, with only the study in Chapter 7 observing a 
significant interaction. It is firstly important to establish if a sex difference is present and, if 
so, what mechanism may be underlying this. For example, future studies could investigate if 
this is a true difference, a reporting difference, or a mixture of both. Alternatively, differences 
could be due to the varying day-to-day activities that men and women do. Future research 
should routinely explore and report on any sex interactions that are observed, especially in 
longitudinal analyses, so that these questions can be better answered. 
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In addition, no longitudinal study specifically investigates sedentary time and its relationship 
with function across key life events. Examples of these key times include the transition from 
work to retirement; and, from independent living within the community to in-home care and, 
eventually, continuing care in the RAC setting. One of the findings from the study reported in 
Chapter 5 was that function, even at baseline, was very low in the residential aged care 
sample. Therefore, gaining an understanding of when, how and why changes to either 
sedentary time or function occur in these transition periods, and their associated influence on 
the other, will be important to assess. Such information will help inform targeted 
interventions.  
Lastly, given that sedentary behaviour is shown to predict poor function (based on the 
longitudinal studies presented previously), it is important to evaluate if interventions to 
reduce sedentary time can maintain and/or improve function. To date, only one known study 
has investigated this.168 Participants were randomised to a 12-week program targeting either 
decreasing sedentary time (sit less) or increasing MVPA (get active), with performance on 
the Short Physical Performance Battery (SPPB) assessed.  Here it was observed that 
participants in the sit less group, but not the get active group, significantly improved their 
SPPB score, led predominantly by an improvement in muscle strength (evaluated with the 
chair stands tests). Given that reducing sedentary time may be  more feasible than increasing 
MVPA, particularly in the RAC setting,169 this is a concept that needs further exploration. 
Importantly, reductions in sedentary time could be utilised as a gateway to higher intensity 
activity in this population. Longitudinal studies investigating if sedentary behaviour is 
predictive of clinically relevant outcomes related to function, such as falls and fractures, is 
also needed. 
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8.2.4 Key finding 4: Sedentary time and physical function are involved in a 
negative feedback loop  
The study in Chapter 7 investigated the bi-directional association of sedentary time with 
physical function. It found evidence for such a bi-directional association, with poor physical 
function predicting higher sitting time, and higher siting time predicting poor function. In 
addition, earlier sections in this Chapter have demonstrated that while cross-sectional 
associations of sedentary time with function are consistently observed in clinical settings 
(Section 8.2.2), there is mixed evidence within healthy, community-dwelling older adults 
(Section 8.2.1). Taken together, the findings from this Thesis are beginning to provide 
support for this negative feedback loop hypothesis.  
In Chapter 2, a graphical representation of this feedback loop, including some potential 
biological, behavioural and environmental influences, was presented. This Thesis has 
addressed a number of aspects of this proposed mechanism. Specifically, Chapters 3 and 4 
captured a number of important health and demographic variables, including physical 
activity, fat mass, and chronic low-grade inflammation in the association of sedentary time 
with physical function. Additionally, the study of 12-year trajectories of TV time in Chapter 6 
investigated the individual level demographic and health variables associated with these 
trajectories, such as age, sex, BMI, and smoking status. In relation to this feedback loop, this 
Thesis has observed that higher BMI is correlated with higher TV viewing time (as a proxy 
for overall sitting; Chapter 6). In addition, higher sedentary time was found to be associated 
with lower lean mass percentage (Chapter 4). However, inflammation was not found to be a 
unique contributor to this mechanism in one study (Chapter 4).  
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Figure 8.1. Biological, individual, interpersonal, and environmental influences on the 
association of sedentary time with physical function. 
Considerations and future research recommendations 
While the studies in Thesis have addressed some of the factors in this proposed mechanism, 
more remain to be investigated. These include the role of diet, mental health, and 
environmental factors. The measurement of such other elements within this loop presented 
above will help inform their role, as well as identify potential levers to interrupt the cycle.  
Furthermore, there is a lack of consistency in addressing physical activity and adiposity as 
potential mediators of the association of sedentary behaviour with physical function. Whilst 
the majority of studies adjust for physical activity and BMI, few examine them as unique 
contributors, and none to date have examined inflammation as a covariate (except the study 
in Chapter 4). Research that addresses the potential mediating effects of physical activity, 
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adiposity and other possible mechanistic pathways across participants of varying levels of 
health is needed.  
Additionally, some relatively recent literature has suggested that simply controlling for the 
effect of physical activity in studies examining the impact of sedentary time on health is not 
an optimal approach due to the interdependence of these behaviours.170 That is, given time is 
fixed (24 hours), changes in one behaviour will necessarily result in changes in other 
behaviour(s). As such, future research in this area should consider sedentary time in the 
context of all activities across the day, including but not limited to: sleep, sitting activities, 
light-intensity activities (e.g., incidental walking, light gardening, etc), and structured 
exercise programs, and use statistical techniques, such as compositional data analysis, that 
can take into account this interdependence. Research is also needed to examine the 
determinants of both sedentary time and poor function across all levels of the socio-
ecological model.82  
8.2.5 Summary of directions for future studies 
In summary, the key areas for future research regarding the association of sedentary time and 
physical function include: 
• Empirical studies that: 1) directly compare findings across measurement methods and 
settings; 2) investigate sex differences; 3) investigate other measures of function, 
including clinically relevant outcome measures like falls and fractures; and/or, 4) 
examine associations in other clinically important sub-groups (e.g., cancer 
patients/survivors, those with poor bone health, stroke survivors and participants with 
injuries). 
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• Longitudinal studies that: 1) use objectively assessed sedentary time; 2) cover key life 
transitions; 3) investigate sex differences: and/or, 4) investigate bi-directional 
relationships of sedentary time and function. 
• Intervention studies in community-dwelling and clinically relevant populations to 
determine whether decreasing sedentary time is effective and feasible to maintain 
and/or improve function. 
• Studies that investigate the biological mechanisms, as well as the individual, 
interpersonal and environmental influences on both sedentary time and physical 
function.  
8.3 Public health implications  
The main findings from the studies in this Thesis were that: sedentary time was detrimentally 
associated with physical function, particularly over the long term and in RAC residents; and, 
poor physical function was associated with higher sedentary time. As discussed in this 
section, these findings have potential implications for public health policy and practice. 
Notably, these implications need to be interpreted in the context of the limitations outlined 
previously. 
8.3.1 Recognising poor physical function as a risk factor for high sedentary time 
The key finding that physical function was predictive of sedentary time (discussed in Section 
8.2.4), provides a rationale to recognise poor physical function as a risk factor for higher 
sedentary time. As discussed in Chapter 2, excessive sedentary time has been associated with 
numerous detrimental health outcomes, including those considered national health priority 
areas (specifically, cardiovascular health, cancer control, mental health, and diabetes).51 From 
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a policy perspective, this may translate into associated educational material for doctors and 
patients. In addition, policies that add new screening measures of poor function in general 
practice, hospitals and nursing homes, to understand current levels and to raise awareness of 
the benefits of sitting less should be considered 
8.3.2 Including recommendations to limit prolonged sedentary time in activity 
guidelines for older adults 
Further findings from this Thesis and the broader literature indicate that sedentary time is 
significantly associated with poorer physical function in clinical populations, exacerbating 
the negative feedback loop discussed in Section 8.2.4. Therefore, excessive sedentary time 
should be recognised as a risk factor for reduced physical function. For children and for 
adults aged 18-64, the Australian physical activity and sedentary behaviour guidelines 
indicate that the amount of time spent in prolonged sitting should be minimised, while breaks 
in sitting should occur as often as possible.171 No such guidelines are stated for older adults 
(65 years and older) and future policy decisions should consider including them. Other 
sources of information for older adults in Australia include documents such as the Choose 
Health: Be Active. A physical activity guide for Older Australians and are opportune areas to 
include sedentary time recommendations. Internationally, the political declaration and 
Madrid international plan of action on ageing,172 and the World Health Organizations Active 
Ageing: A policy framework,173 are examples of influential guidelines and policy documents 
where recommendations for sedentary behavior for older adults are also needed.  
8.3.3 Surveillance of sedentary time over the life course 
The surveillance of sedentary time over the life course will enable researchers to better 
understand under what circumstances sedentary behaviour changes and how it influences a 
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wide array of health variables. However, limited data is currently available that addresses this 
question. The Australian Census questionnaire – a survey of every household which occurs in 
5-year intervals – is a potential ongoing source where the collection of sedentary behaviour 
information could be collected. Studies such as the 45 and up, or sub-studies within it, are 
further examples.  
8.3.4 Policies to monitor and reduce sedentary time in residential aged care 
centres and other clinical settings 
Currently in Australia, older adults contemplating entering RAC need to complete the Aged 
Care Funding Instrument (ACFI).174 This questionnaire asks about the person’s care needs 
based on activities of daily living. While it measures some aspects of physical function (e.g., 
mobility), it asks about the persons’ ability to move around rather than measuring gait speed, 
for instance. A short assessment, such as the Short Physical Performance Battery, would be 
useful, performance-based and easily administered at the point of entry into RAC. 
Subsequent monitoring with the same assessment would be beneficial at identifying those at 
risk of accelerated function decline. In addition, if interventions to reduce sedentary time in 
the aged care setting prove to be safe and effective, policy changes that incorporate regular 
postural changes into daily activities should be considered.  
8.4 Conclusions and significance of research 
This Thesis aimed to investigate the association of sedentary behaviour with physical 
function in older adults across settings, measurement methods and study designs, in concert 
with a variety of traditional and novel analytical techniques. Given the ageing population – 
both in Australian and globally – and the key role of physical function in maintaining 
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independence and quality of life in older age, the findings presented are both relevant and 
timely.  
The take home message from this Thesis is that lifetime sedentary behaviour may influence 
physical function in older age. Additionally, sedentary behaviour and function are likely to be 
linked in a negative feedback loop, where poor function leads to higher sedentary time, 
leading to even further reductions in function and other detrimental health outcomes. This 
suggests that lifestyle interventions throughout childhood, adulthood and older age should 
involve an element of reducing sedentary behaviour and maintaining/improving physical 
function.  
The findings of this research have contributed to an increased understanding of the role 
sedentary behaviour has on the lives and functional ability of older adults. Across the five 
published studies presented in this Thesis, the research has filled important gaps within the 
literature and highlighted a number of future research directions. 
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Appendix 2A: Systematic review search terms for the PubMed database 
 
(((((((((sedentary behaviour[Title/Abstract] OR sedentary behavior[Title/Abstract]) OR 
sedentary time[Title/Abstract]) OR ((internet use[Title/Abstract] OR internet 
usage[Title/Abstract]) OR internet time[Title/Abstract])) OR ((computer use[Title/Abstract] 
OR computer usage[Title/Abstract]) OR computer time[Title/Abstract])) OR ((television 
watching[Title/Abstract] OR television viewing[Title/Abstract]) OR television 
time[Title/Abstract])) OR ((TV watching[Title/Abstract] OR TV viewing[Title/Abstract]) OR 
TV time[Title/Abstract])) OR ((screen watching[Title/Abstract] OR screen 
use[Title/Abstract]) OR screen time[Title/Abstract])) OR (sitting time[Title/Abstract] OR 
reading time[Title/Abstract])) AND ((((motor activity[Title/Abstract] OR (physical 
function[Title/Abstract] OR physical functioning[Title/Abstract])) OR (((muscle 
strength[Title/Abstract] OR muscle power[Title/Abstract]) OR muscle 
quality[Title/Abstract]) OR muscle force[Title/Abstract])) OR ((functional 
status[Title/Abstract] OR functional ability[Title/Abstract]) OR functional 
fitness[Title/Abstract])) OR performance[Title/Abstract])) AND 
 
 ((risk factor[Title/Abstract] OR risk factors[Title/Abstract]) OR ((effect[Title/Abstract] OR 
relationship[Title/Abstract]) OR association[Title/Abstract])) NOT  
 
((((((((((adolescent[Title/Abstract] OR adolescents[Title/Abstract]) OR 
adolescence[Title/Abstract]) OR school[Title/Abstract]) OR student[Title/Abstract]) OR 
students[Title/Abstract]) OR child[Title/Abstract]) OR children[Title/Abstract]) OR 
boy[Title/Abstract]) OR girl[Title/Abstract]) OR youth[Title/Abstract]) 
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Appendix 2B: Quality rating tool template 
Quality score = /15 
 
Item Criterion Description Score 1 
1 Objectives Are the objectives or hypotheses of the research 
described in the paper stated? 
 
2 Study design Is the study design presented?   
3a Target population Do the authors describe the target population they 
wanted to research? 
 
3b Sample Was a random sample of the target population taken? 
AND was the response rate 60 percent or more? 
 
3c Sample Is participant selection described?  
3d Sample Is participant recruitment described, or referred to?  
3e Sample Are the inclusion and/or exclusion criteria stated?  
3f Sample Is the study sample described? (minimum description 
= sample size, gender, age and an indicator of socio-
economic status) 
 
3g Sample Are the numbers of participants at each stage of the 
study reported? (Authors should report at least 
numbers eligible, numbers recruited, numbers with 
data at baseline and numbers lost to follow up) 
 
4 Variables Are the measures of sitting behaviour and the health 
outcome described? 
 
5a Data sources & 
collection 
Do authors describe the source of their data?  
(E.g., cancer registry, health survey) AND did authors 
describe how the data were collected? (E.g., by mail) 
 
5b Measurement Was reliability of the measure(s) of sitting behaviour 
mentioned or referred to? 
 
5c Measurement Was the validity of the measure(s) of sitting behaviour 
mentioned or referred to? 
 
6a Statistical methods Were appropriate statistical methods used and 
described, including those for addressing 
confounders? 
 
6b Statistical methods Were the numbers/ percentages of participants with 
missing data for sitting and the health outcome 
indicated AND If more than 20 percent of data in the 
primary analyses were missing, were methods used 
to address missing data? 
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Appendix 2C: Summary of quality assessment for all papers included in the systematic review, in alphabetical order. 
 Quality Item 
Study 
O
bj
ec
tiv
e 
D
es
ig
n Target population and sample 
V
ar
ia
bl
e Data 
sources/ 
collection 
Measurement Statistics Score /15 
 1 2 3a 3b 3c 3d 3e 3f 3g 4 5A 5b 5c 6a 6B  
Balboa-Castillo (2011)115 Y Y Y ? y Y y Y Y Y Y N N Y Y 12 
Bann (2015)114 Y Y Y N Y Y Y Y Y Y Y N N Y Y 12 
Bayan-Bravo (2017)116 Y Y Y N Y Y Y Y Y Y Y N N Y Y 12 
Ceria-Ulep (2013)103 Y Y Y ? Y Y N Y N Y Y N Y N Y 10 
Chastin (2012)104 Y Y Y Y Y N Y N Y Y Y Y Y Y Y 13 
Confortin (2015)119 Y Y Y N N Y N Y N Y Y N N Y N 8 
Cooper (2015)101 Y Y Y N Y Y Y Y Y Y Y Y Y Y Y 14 
Davis (2014)102 Y Y Y N Y Y Y Y Y Y Y Y Y Y Y 14 
Dogra (2017)128 Y Y Y N Y Y Y Y N Y Y N N Y N 10 
Foong (2016)121 Y Y Y N Y Y Y N Y Y Y N N N Y 10 
Gennuso (2016)105 Y Y Y N N N N Y Y Y Y N N Y Y 9 
Gianoudis (2016)120 Y Y Y N Y Y Y N N Y Y Y Y Y Y 12 
Ikezoe (2013)106 Y Y Y ? N N Y N N Y Y Y Y Y N 9 
Jantunen (2016)122 Y Y Y N Y Y Y Y Y Y Y N Y Y N 12 
Keevil (2015)118 Y Y Y N Y Y N Y Y Y Y N N Y N 12 
Keogh (2015)81 Y Y Y N N N N Y Y Y Y Y Y Y Y 11 
Leung (2017)112 Y Y Y Y Y Y Y Y Y Y Y N N Y Y 13 
McDermott (2011)113 Y Y Y N Y Y Y N Y Y Y N N Y Y 11 
Peeters (2014)110 Y Y Y N Y Y Y Y Y Y Y Y N Y Y 13 
Pryce (2012)108 Y Y Y ? Y Y Y N N Y Y N N Y Y 10 
Rosenberg (2016)111 Y Y Y Y Y Y Y Y Y Y Y N N Y N 12 
Santos (2012)123 Y Y Y N Y Y Y N N Y Y N N Y N 9 
Sardinha (2015)124 Y Y Y N N N N N N Y N N N Y Y 6 
Seguin (2012)109 Y Y Y Y Y Y Y Y Y Y Y N N Y N 12 
Song (2015)117 Y Y Y N Y Y Y Y Y Y Y N N Y Y 12 
Suwa (2016)100 Y Y Y N N N N N N N N N N N N 3 
Withal (2014)125 Y Y Y Y Y Y Y Y N Y Y N N Y Y 12 
Yasunaga (2017)126 Y Y Y N N Y N Y N Y Y Y Y Y Y 11 
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Appendix 2D: Characteristics of studies examining the association of sedentary behaviour with physical function in older adults. 
 
Study, country, 
sample size 
Description of 
study 
Description of 
sample 
Sedentary time 
measure 
Physical function 
measure 
Adjustments Results 
Study, Study year 
Country 
Sample size 
Study design 
Years of follow-up 
(if applicable) 
% F 
mean age ± SD 
(range; if reported) 
Population 
 
Name of measure 
Self-report or    
Objective 
Expressed as 
Name of measure 
(units) 
Self-report or    
Objective  
Expressed as 
Variables included in 
adjusted models 
Results 
Balboa-Castillo, 2011 
Spain 
N=1097 
Longitudinal 
2003-2009 
59.2% Female 
70.3 ± 5.6 (60+ 
years at baseline) 
Community-
dwelling 
Noninstitutionalized 
population age 60 
and over in Spain 
 
Single item sitting 
time question –
unvalidated 
Self-report 
Expressed as 
quartiles of sitting 
hours per week 
SF-36 physical 
function subscale 
(PF-10; composite 
score) 
Self-report 
 
Sex, age, education 
level, size of 
municipality of 
residence, tobacco 
consumption, alcohol 
consumption, coronary 
disease, stroke, cancer 
at any site, chronic 
obstructive pulmonary 
disease, diabetes 
mellitus, arterial 
hypertension, BMI, 
leisure-time physical 
activity, score on 
physical function scale 
in 2003 
Higher quartiles of sitting 
hours per week associated 
with poorer PF-10 scores: 
Coefficients (95%CI) for 
the linear regression of PF 
in 2009 on sitting hours per 
week in 2003 
Q1: Ref 
Q2: -5.99 (-9.79 to -2.20) 
Q3: -5.44 (-10.08 to -0.80) 
Q4: -9.21 (-13.36 to -5.04) 
p for trend: <0.0001 
R-square: 0.43 
 
Bann, 2015 
USA 
N=1635 
Cross-sectional 
 
67% Female 
79.3 ± 5.3 (men); 
78.5 ± 5.3 (women) 
Clinical 
Older adults with 
heightened risk of 
mobility disability 
ActiGraph GT3X, 
Objective, expressed 
as hours/day 
CHAMPS 
Questionnaire, self-
report, expressed as 
total sedentary time 
Grip Strength (kg) 
Objective 
 
Age, sex, total wear 
time in hours 
(accelerometer 
measures only), height, 
BMI, race, alcohol 
intake, diabetes, 
clinical site, 
comorbidity, history of 
arthritis or rheumatism, 
No statistically significant 
association was observed 
using either the GT3X or 
CHAMPS measures 
Unstandardised beta 
coefficient with 95% CI: 
GT3X sedentary time: -
0.22 (-0.64, 0.19), p = .290 
CHAMPS total sedentary 
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self-rated health time: 0.17 (-0.27, 0.60), p = 
.445 
Bayan-Bravo, 2017 
Spain 
N=2388 
Longitudinal 
2000/01 until 2003 
and 2009 
Short-term follow 
up (2 years) 
Long-term follow 
up 
 (8-9 years) 
% Female not 
reported 
Aged 60+ at 
baseline 
Community-
dwelling 
Older adults aged 
60+ from Spain 
Single item sitting 
time question –
unvalidated 
Self-report 
Expressed as <8 
h/day vs >8 h/day 
SF-36 physical 
function subscale 
(PF-10; composite 
score) 
Self-report 
 
Age, sex, education 
level, occupational 
status, alcohol intake, 
extreme sleep 
durations, BMI, waist 
circumference, systolic 
blood pressure, 
hypercholesterolemia, 
coronary heart disease, 
stroke, diabetes 
mellitus, hip fracture, 
cancer, chronic 
obstructive pulmonary 
disease, osteoarthritis, 
and score on physical 
function scale in 2001 
No statistically significant 
association was observed  
Beta coefficient with 95% 
CI: 
Short term follow up (2 
years) = 1.88 (-0.01, 3.79) 
Long term follow up (8-9 
years) = 2.48 (-0.81, 5.76) 
Ceria-Ulep, 2013 
Hawaii 
N=47 
Cross-sectional 
 
61.7 % Female 
73 (65-87 years) 
Community-
dwelling 
Filipinos living in 
Hawaii 
Physical activity 
index tool 
Self-report 
Expressed as 
average sedentary 
hours per day 
Objective measures 
Grip strength, 
dominant hand (kg) 
Grip strength, non-
dominant hand (kg) 
10 ft. usual gait 
(seconds) 
10 ft. rapid gait 
(seconds) 
5 chair stands 
(seconds) 
10 chair stands 
(seconds) 
Not reported No statistically significant 
associations were observed 
Pearson correlation 
coefficients: 
Grip strength (dominant 
hand): r = -0.01 
Grip strength (non-
dominant hand): r = 0.15 
Usual gait: r = 0.07  
Rapid gait: r = 0.17 
5 chair stands: r = 0.08 
10 chair stands: r = 0.09 
Chastin, 2012 
UK 
N=30 
Cross-sectional 46.7% Female 
Men: 79 ± 3.6 years, 
Women: 79.3 ± 3.4 
years  
activPAL 
Objective 
Expressed as total 
sitting hours per day 
Lower limb extensor 
power (Watts) 
Objective 
 
Not reported Total sitting time was 
positively associated with 
lower-limb extensor power 
in men only 
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Community-
dwelling 
Healthy older adults 
Women: r = 0.151; P = 
0.678 
Men: r = 0.739; P = 0.003 
Confortin, 2015 
Brazil 
N=270 
Cross-sectional 100% Female 
73.2 ± 8.8 (60+ 
years) 
Community-
dwelling 
Older Brazillian 
women residing in 
the municipality of 
Antonio Carlos, 
state of Catarina, 
south of Brazil 
IPAQ Sitting time 
question 
Self-report 
Expressed as tertiles 
of sitting time (<4 
hours, 4-6 hours, >6 
hours) 
Inadequate grip 
strength (lowest 
20% of values of 
BMI) 
Inadequate lower-
limb muscle 
strength (LLMS; 
lowest 20% of 
values of BMI; 
based on chair 
stands test) 
Unadjusted models No statistically significant 
associations were observed 
- prevalence ratio with 95% 
CI: 
Inadequate Grip Strength: 
<4 hours: ref 
>4 vs <6: 0.70 (0.42,1.17) 
>6 hours: 1.19 (0.77, 1.83) 
P trend: 0.29 
Inadequate LLMS: 
<4 hours: ref 
>4 vs <6: 0.78 (0.52,1.17) 
>6 hours: 1.15 (0.81, 1.63) 
P trend: 0.27 
 
Cooper, 2015 
UK 
N=1727 
Cross-sectional 51.5% Female 
63.3 years (range: 
60.3-64.9) 
Community-
dwelling 
Adults aged 60-65 
years in the UK 
ActiHeart 
Objective 
Expressed as 
hours/day 
Objective measures: 
Grip strength (kg) 
Chair rise speed 
(stands/minute) 
Standing balance 
(seconds) 
TUG speed (m/s) 
Sex, height, weight, 
education level, 
occupational class, 
smoking status and 
long-term limiting 
illness or disability 
Sedentary time was 
associated with lower grip 
strength and slower TUG 
time - Standardised beta 
coefficients with 95% CI: 
Grip strength: -0.540 (-
1.013, -0.066) 
Chair rise speed: -0.084 (-
0.426, 0.257) 
Standing balance: -0.024 (-
0.050, 0.002) 
TUG: -0.011 (-0.019, -
0.004) 
Davis, 2014 
UK 
N=217 
Cross-sectional 50.2% Female 
78.1± 5.8 years 
Community-
dwelling 
Actigraph GT1M 
Objective 
Total sedentary time 
minutes 
Short Physical 
Performance 
Battery, composite 
score 
Age, BMI, education, 
MVPA, sedentary time 
All associations were 
detrimental and statistically 
significant - 
Unstandardised beta 
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Men and women 
aged ≥70 years 
recruited from 
Project OPAL 
(Older People and 
Active Living) 
Balance (seconds) 
5 Chair stands 
(seconds) 
Gait speed 
(metres/second) 
coefficient with 95% CI: 
SPPB: -0.111 (-.0163, -
0.060) p < 0.001 
Balance: -0.030 (-.050, -
0.011) p = 0.002 
Chair rises: -0.042 (-.073, -
0.011) p = 0.009 
Walking: -0.039 (-.058, -
0.020) p > 0.001 
Dogra, 2017 
Canada 
N=593 
Cross-sectional 51.3% Female 
64 ± 0 years (range: 
60-69)  
Community-
dwelling 
Subsample aged 60-
69 of Canadian 
population aged 3-
79 living in private 
dwellings. 
Actical monitor, 
objective 
Total daily 
sedentary minutes 
Self-report 
questionnaire 
Expressed as 
average sedentary 
minutes per day 
Objective measures: 
Sit and reach test 
(cm) 
Grip strength (kg) 
 
Age, sex, education 
(post-secondary 
yes/no), BMI, smoking 
(yes, no), 
accelerometer wear 
time 
A statistically significant 
and detrimental association 
was only observed for the 
association of objective 
sedentary time with grip 
strength: 
Objective sedentary time: 
Sit and reach: -0.008 (-
0.024, 0.009) p = 0.36 
Grip strength: -0.014 (-
0.028, -0.000) p = 0.04 
Self-report sedentary time: 
Sit and reach: -0.003 (-
0.012, 0.005) p = 0.43 
Grip strength: -0.009 (-
0.022, 0.044) p = 0.15 
Foong, 2016 
Australia 
N=636 
Cross-sectional 50.8% Female 
66.0 ± 7.0 years 
(range: 50-80) 
Community-
dwelling 
Older adults 
recruited as part of 
the Tasmanian Older 
Adult Cohort study 
Actigraph GT1M 
Objective 
Expressed as 
minutes/day 
Knee extensor 
strength test (kg) 
Leg strength (kg) 
Age residuals and sex No statistically significant 
associations were observed 
- Unstandardised beta 
coefficient with 95% CI: 
Knee extensor strength: ----
-0.03 (-0.1, 0.04) p = 0.415 
Leg strength: -0.1 (-0.4, 
0.2) p = 0.438 
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Gennuso, 2016 
USA 
N=44 
Cross-sectional 64.0% Female 
70.0 ± 8.0 years 
(65+ years) 
Community-
dwelling 
Older adults with 
ability to walk 
activPAL 
Objective 
Total sedentary 
hours/day 
Objective measures: 
Short physical 
performance battery 
(SPPB; composite 
score) 
5 chair stands 
(seconds) 
400 metre gait speed 
(m/s) 
 No statistically significant 
associations were observed 
– regression coefficient 
(standard error): 
SPPB: -0.09 (0.14) 
Chair stands: -0.21 (0.11) 
Gait speed: 0.01 (0.02) 
Gianoudis, 2015 
Australia 
N=162 
Cross-sectional 74.0% Female 
67.5 ± 6.0 years 
(60+ years) 
Community-
dwelling 
Men and women 
aged 60+ recruited 
for an exercise 
intervention 
designed to optimise 
musculoskeletal 
health 
Self-report 7-day 
recall questionnaire 
Expressed as total 
hours of TV 
viewing timing and 
total hours of sitting 
time per day 
Objective measures: 
Maximum muscle 
strength 3RM (kg) 
Timed stair climb 
(Watts) 
30 second sit-to-
stand (number) 
Four square step test 
(test of balance; 
seconds) 
Timed up and go, 
dual-task (seconds) 
Age, sex, total body 
lean mass, moderate-
vigorous physical 
activity, presence of 
chronic disease(s), 
number of prescription 
medications, past 
smoking, proportion of 
past employment spent 
in a sedentary job, and 
total body fat mass 
No statistically significant 
associations were observed 
- Unstandardised beta 
coefficient with 95% CI: 
TV time  
3RM: −0.22 (−1.49, 1.06) 
Timed stair climb: 2.11 
(−1.53, 5.74) 
STS: 0.39 (0.06, 0.71) 
FSST = 0.06 (−0.07, 0.19) 
TUG: −0.17 (−0.57, 0.22) 
Total sitting time: 
3RM: −0.63 (−1.65, 0.39) 
Timed stair climb: 0.24 
(−2.50, 2.98) 
STS: −0.11 (−0.36, 0.14) 
FSST: −0.02 (−0.12, 0.08) 
TUG: −0.02 (−0.31, 0.28) 
Ikezoe, 2013 
Japan 
N=19 
Cross-sectional 100% Female 
83.3 ± 8.0 years 
(range: 71-96) 
Residential aged 
care 
Women from 
nursing homes in 
Japan 
AMES posture 
monitor, objective 
Expressed as total 
minutes sitting per 
day (excluded lying 
down) 
Quad strength (Nm) 
Balance (seconds) 
Postural sway (cm) 
Stepping test 
(dynamic balance; 
number) 
Sit and reach (cm) 
Gait speed (m/s) 
Unadjusted models A statistically significant 
and detrimental association 
was observed for total 
minutes spent sitting per 
day with quad strength, 
balance, stepping test, and 
TUG - Spearman's 
correlation coefficients: 
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Timed up and go 
test (seconds) 
5 Chair stands test 
(seconds) 
Quad strength -  -0.50* 
Balance (OLST) -  -0.51* 
LNG - 0.17 
Stepping -  -0.61** 
Sit and reach - 0.25 
Walking -  -0.59** 
TUG - 0.52* 
Chair stands - 0.38 
Jantunen, 2016 
Finland 
N=695 
Cross-sectional 54.5% Female 
70.7 ± 2.7 years 
(range: 66.9-79.1) 
Community-
dwelling 
Older adults from 
the Helsinki Birth 
Cohort Study 
SenseWear Pro 
Objective 
Expressed as 
minutes/day 
Objective measures: 
Senior’s Fitness 
Test (composite 
score) 
 
Age, sex, smoking and 
educational attainment 
Statistically significant and 
detrimental associations 
were observed with the 
SFT composite score – 
Unstandardized beta 
coefficients with 95% CI: 
 −0.10 (−0.16 to −0.05), 
p<0.001 
Keevil, 2015 
UK 
N=5624 
Longitudinal 
1998-2007 
50.7% Female 
69.8 ± 7.6 (men) ; 
68.0 ± 7.5 (women) 
Community-
dwelling 
Men and women 
from European 
prospective 
investigation of 
cancer 
TV viewing time 
question contained 
within a physical 
activity 
questionnaire 
Objective 
Expressed as 
average daily TV 
viewing time 
Objective measures: 
Usual gait speed 
(cm/s) 
Maximal grip 
strength (kg) 
Age, height, weight, 
physical activity (MET 
h/day), current wealth, 
presence of 
comorbidity, smoking 
status, and alcohol 
intake (all variables at 
follow-up).  
Each hour of average daily 
sitting time over the 
preceding 10 years was 
associated with slower gait 
speed, but not grip strength 
– Unstandardized beta 
coefficient and 95% CI: 
Usual gait speed: -1.26 (-
1.70, -0.82); p<0.001 
Grip strength: -0.04 (-0.16, 
0.08); p = 0.490 
Keogh, 2015 
Australia 
N=102 
Cross-sectional 69.6% Female 
84.5 ± 8.2 years 
Residential aged 
care 
Older men and 
women in south east 
Queensland, 
Australia 
International 
Physical Activity 
Questionnaire 
sitting time question 
Self-report 
Expressed as sitting 
time hours/day 
Gait speed (m/s) 
Objective 
 
Unadjusted A statistically significant 
and detrimental association 
of sitting time with gait 
speed was observed – Beta 
coefficients and 95% CI: 
- .03 ( -.02 to  -.04) p < 
0.001 
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Leung, 2017 
Canada 
N=114 
Cross-sectional 85% Female 
86.7 ± 7.5 years 
(65+ years) 
Assisted living 
residents 
Older adults from 13 
assisted living sites 
in greater Vancouver 
ActiGraph GT1M 
Objective 
Expressed as % of 
sedentary time 
Objective measures: 
Timed up and go 
(seconds) 
Short physical 
performance battery 
(composite score) 
Gait speed (m/s) 
Age, length of stay in 
assisted living, number 
of reported health 
concerns, cognitive 
health and depression 
All associations were 
statistically significant and 
detrimental - Pearson 
correlation coefficients: 
TUG: r = 0.373 p < 0.001 
SPPB: r = -0.282 p = 0.002 
Gait speed: r = -0.248 p = 
0.008 
McDermott, 2011 
USA 
N=384 
Longitudinal 
Years not reported, 
follow-up occurred 
at 2 and 4 years 
% Female not 
reported 
Mean age/age range 
not reported 
Clinical 
Participants aged 
59+ diagnosed with 
lower extremity 
peripheral arterial 
disease 
Self-report 
questionnaire 
Expressed as 
quartiles of sitting 
per day and 
quartiles sedentary 
(sitting+lying) per 
day 
Objective measures: 
6MWT (metres) 
Gait speed (m/s) 
Age, sex, race, BMI, 
smoking, ABI, 
physical activity, 
comorbidities, leg 
symptoms, and the 
corresponding prior 
year performance 
Sedentary time was 
detrimentally associated 
with both measures. 
*only p values provided 
 
Peeters, 2014 
Australia 
N=6611 
Longitudinal 
2002-2008 
100% Female 
78 ± 1.5 years  
Community-
dwelling 
Women from the 
Australian 
Longitudinal Study 
on Women's Health 
Single item self-
report questionnaire 
Expressed as 
sedentary hours per 
day 
Self-report 
SF-36 physical 
function subscale  
Survey, age, education, 
housing situation, 
chronic conditions, 
BMI, bodily pain, 
fracture history and 
dizziness 
A statistically significant 
and detrimental association 
of sedentary time with 
function was observed - 
Unstandardised beta 
coefficient with 95% CI: 
<4hrs vs >=8hrs: -6.3 (-7.6 
to -5.0) 
Pryce, 2012 
Canada 
N=33 
Cross-sectional % Female not 
reported 
68.5 ± 8.4 years 
Clinical 
Patients presenting 
with lumbar spinal 
stenosis (LSS) for 
evaluation of 
surgical intervention 
Biotrainer Pro 
Objective 
Expressed sedentary 
time total duration, 
average bout length 
and maximal bout 
length 
Self-report 
SF-36 physical 
function subscale  
Unadjusted No statistically significant 
associations were observed 
– Pearson correlation 
coefficient: 
Duration: -0.09 
bout length: -0.34 
max bout length: -0.17 
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Rosenberg, 2016 
USA 
N=307 
Cross-sectional 72.3% Female 
83.6 ± 6.4 years 
Continuing care 
residents 
Older adults living 
in continuing care 
retirement 
communities in San 
Diego County 
ActiGraph GT3X, 
objective 
Questionnaire 
sitting time, self-
report TV viewing 
time, self-report 
 
Objective measures: 
Short physical 
performance battery 
(composite score) 
Balance (seconds) 
Gait speed (m/s) 
5 chair stands 
(seconds) 
400m walk test 
(seconds) 
Self-report: 
Late life function 
questionnaire 
Age, gender, marital 
status, educational 
status and MVPA 
Detrimental and 
statistically significant 
associations were observed 
when ActiGraph sedentary 
time was used:  
ActiGraph: 
Late life function and 
disability scale: -1.80 
(0.42) p < 0.001 
400 m walk: 20.72 (5.79) p 
< 0.001 
Total SPPB: -0.55 (0.13) p 
< 0.001 
SPPB balance: -0.15 (0.06) 
p = 0.01 
SPPB Chair stands: 1.02 
(0.21) p < 0.001 
SPPB gait speed: 0.23 
(0.07) p < 0.001 
 
SR total sitting time: 
Late life function and 
disability scale: -0.15 
(0.10) p = 0.15 
400 m walk: 1.08 (1.38) p = 
0.44 
Total SPPB: 0.04 (0.03) p = 
0.24 
SPPB balance: 0.00 (0.01) 
p = 0.73 
SPPB Chair stands: -0.06 
(0.04) p = 0.19 
SPPB gait speed: -0.02 
(0.02) p = 0.13 
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TV time: 
Late life function and 
disability scale: -0.49 
(0.30) p = 0.10 
400 m walk: 9.18 (4.08) p = 
0.03 
Total SPPB: -0.01 (0.09) p 
= 0.88 
SPPB balance: -0.04 (0.04) 
p = 0.32 
SPPB Chair stands: 0.11 
(0.14) p = 0.41 
SPPB gait speed: 0.02 
(0.05) p = 0.72 
Santos, 2012 
Portugal 
N=312 
Cross-sectional 62.5% Female 
74.3 ± 6.6 years 
Community-
dwelling 
Non-
institutionalised 
Portuguese older 
adults independent 
in physical 
functioning 
ActiGraph GT1M 
Objective 
Expressed as 
minutes/day 
Objective measures: 
Senior fitness test 
(composite score) 
30s chair stands 
(number) 
Arm curl (kg) 
TUG (seconds) 
6MWT (meters) 
Chair sit and reach 
(cm) 
Back scratch (cm) 
BMI, gender, age, and 
register time 
Detrimental and 
statistically significant 
associations were observed 
for the majority of variables 
- Unstandardised beta 
coefficient with 95% CI: 
Chair stands: − 0.013 (− 
0.018, − 0.007) 
Arm curl: − 0.010 (− 0.016, 
− 0.004) 
TUG8: 0.014 (0.007, 
0.020) 
6MWT: − 0.281 (− 0.444, 
− 0.117) 
Sit and reach: − 0.030 (− 
0.044, − 0.016) 
Back scratch: − 0.010 (− 
0.032, 0.012) 
Composite score: − 0.002 
(− 0.003, − 0.001) 
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Sardinha, 2015 
Portugal 
N=215 
Cross-sectional 59.9% Female 
73.3 ± 5.9 (range: 
65-94 years) 
Community-
dwelling 
Noninstitutionalised 
Portuguese older 
adults aged 65-94 
years 
ActiGraph GT1M 
Objective 
Expressed as 
minutes/day 
Objective measures: 
Senior fitness test 
(composite score) 
 
Sex, age, BMI, 
education and physical 
independence 
A statistically significant 
and detrimental association 
of sedentary time with the 
Senior’s Fitness Test 
composite score was 
observed - Unstandardised 
beta coefficient with 95% 
CI: 
-0.98 (-0.325 to -0.071) 
Seguin, 2012 
USA 
N=61,609 
Longitudinal 
1993-2009 
100% Female 
Mean age not 
reported (range: 50-
79 at baseline) 
Community-
dwelling 
Women from the 
Women's Health 
Initiative study aged 
50-79 
Self-report 
questionnaire 
Expressed as 
quartiles of sitting 
time and quartiles of 
total sedentary time 
RAND SF-36 
physical function 
sub-scale 
(composite score) 
Self-report 
Age, race, education, 
physical activities, 
self-reported general 
health, BMI, smoking 
status, alcohol use, 
hormone use, 
depressed mood, living 
alone, activity of daily 
living, history of CHD, 
history of CHF, stroke, 
treated diabetes, 
arthritis, and history of 
COPD at baseline 
Those in the highest 
quartile of sitting time and 
total sedentary time (Q4) 
had significantly lower 
scores on physical function  
at follow-up compared to 
those in the lowest quartile 
(Q1) - Mean difference 
(95% CI): 
Sitting time: 
Q1 (≤4 h/d): ref 
Q2 (>4.5-6.5 h/d): -0.96 (-
1.16, -0.76) 
Q3 (>6.5-8.5 h/d): -1.45 (-
1.68, -1.22) 
Q4 (>8.5 h/d): -2.45 (-2.69, 
-2.22) 
P value < 0.001 
 
Total sedentary time: 
Q1 (≤6 h/d): ref 
Q2 (>6-8 h/d): -0.78 (-0.98, 
-0.57) 
Q3 (>8-11 h/d): -1.48 (-
1.71, -1.25) 
Q4 (>11 h/d): -3.13 (-3.36, 
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-2.89) 
P value < 0.001 
Song, 2015 
USA 
N=1333 
Longitudinal 
2004-2015 
54.8% Female 
66.7 ± 7.7 years 
Community-
dwelling 
Sub-cohort of the 
Osteoarthritis 
initiative 
ActiGraph GT1M 
Objective 
Expressed as 
hours/day 
Objective measures: 
Low gait speed 
(<0.6 m/s; yes/no) 
Inability to rise from 
chair without arms 
(yes/no) 
Moderate activity, 
baseline functioning, 
monitoring time, 
sociodemographic 
characteristics, and 
health factors 
Each 1 hour increase in 
sedentary time was 
associated with an 
increased hazard ratio of 
1.36 for onset of frailty - 
defined as low gait or 
inability to rise from chair. 
HR = 1.36 (1.02, 1.79) p = 
0.033  
Suwa, 2016 
Japan 
N=60 older adults 
Cross-sectional 0% Female 
73.6 (5.2) years 
Community-
dwelling 
Older Japanese men 
Self-report 
questionnaire 
assessing daily sum 
of sitting time 
during the last 6 
months 
 
Toe flexor strength 
(kg) 
Objective 
Unadjusted A statistically significant 
association of sitting 
duration in the last 6 
months and toe flexor 
strength was not observed: 
Pearson’s correlation 
coefficient: -0.066, p > 0.05 
Withal, 2014 
UK 
N=228 
Cross-sectional 48.7% Female 
78.2 ± 5.8 years 
(range: 70-96) 
Community-
dwelling 
Older people 
recruited as 
volunteers for the 
Older People and 
Active Living 
(OPAL) Project 
ActiGraph GT1M 
Objective 
Expressed as 
hours/day 
SF-12 physical 
function sub-scale 
(composite score) 
Ageing Well Profile 
Physical function 
subscale (AWP; 
composite score) 
Accelerometer wear 
time 
A statistically significant 
association was not 
observed: 
Pearson’s correlation 
coefficient: 
AWP: r = -0.042; p > 0.05 
SF-12: r = -0.102; p > 0.05   
 
Yasunaga, 2017 
Japan 
N=287 
Cross-sectional 37.3% Female 
74.4 ± 5.2 years 
(range: 65-84) 
Community-
dwelling 
Participants from a 
Active Style Pro 
Objective 
Expressed as per 10 
minutes of sitting 
time/day 
Grip strength (kg) 
Usual gait speed 
(m/s) 
Maximal gait speed 
(m/s) 
TUG (seconds) 
Age, sex, BMI, number 
of past illnesses, 
complications and 
comorbidity, smoking 
status, drinking status, 
residence status, 
A statistically significant 
and detrimental association 
of each 10 minutes per day 
of sitting with usual and 
maximal gait speed and 
TUG performance was 
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large 
epidemiological 
study from Matsudo 
City, Japan 
Balance (seconds) highest educational 
attainment, and total 
wear time 
observed: Unstandardised 
beta coefficient with 95% 
CI: 
Grip strength: −0.056  
(−0.130, 0.017) 
Usual gait : −0.003 
(−0.006, −0.001) 
Maximum gait:  −0.004   
(−0.007, −0.001) 
TUG: 0.021  (0.008, 0.034) 
Balance: −0.238 (−0.477, 
0.001) 
Abbreviations: SD: Standard Deviation; CI: Confidence Interval; CHAMPS: Community Healthy Activities Model Program for Seniors ; BMI: Body Mass Index; IPAQ: 
International Physical Activity Questionnaire; LLMS: Lower-Limb Muscle Strength; TUG: Timed Up and Go Test; SPPB: Short Physical Performance Battery; MVPA: 
Moderate-to-Vigorous Physical Activity; 3RM: 3-Repetition Maximum; STS: Sit-To-Stand; FSST: Four Square Step Test; SFT: Seniors’ Fitness Test; 6MWT: 6-Minute 
Walk Test; ABI: Ankle Brachial Index; CHD: Coronary Heart Disease; CHF: Congestive Heart Failure; COPD: Chronic Obstructive Pulmonary Disease; HR: Hazard Ratio; 
AWP: Ageing Well Profile;  
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Appendix 3A:  
S1 Table. Association of activPAL3TM derived activities with the Knee Extensor Strength 
(KES; truncated model analysis) test in Australian adults aged 36–80 years. 
 
 Knee Extensor Strength  
Truncated Regression (kilograms) 
β (95% CI) a 
p-value 
 
Sitting (all), h/day -0.23 (-0.70 to 0.25) 0.346 
Prolonged Sitting, h/day b -0.30 (-0.79 to 0.20) 0.239 
Standing, h/day 0.03 (-0.54 to 0.60) 0.922 
Stepping (all), h/day 1.66 (0.33 to 3.00) 0.014 
Light stepping, h/day c 2.25 (-0.1 to 4.61) 0.061 
MVPA stepping, h/day c 2.62 (0.39 to 4.86) 0.021 
Sit-stand transitions, 15 transitions/day 0.22 (-0.65 to 1.09) 0.622 
 
This is the S1 Table legend.  
a Regression coefficient (β) with 95% confidence interval (CI) that adjusts for age (years), sex (male/female), 
self-rated health (excellent, very good, good, fair/poor), employment status (full time, part time, retired, other) 
and thigh length (cm) and corrects for the 60 kg upper limit of the test (truncated regression, sensitivity 
analysis); b Prolonged sitting = sitting uninterrupted in ≥30 minute bouts at a time; c Light stepping is <3 METs; 
MVPA (moderate-to-vigorous physical activity) stepping is at ≥ 3 METs. 
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Appendix 3B 
S2 Table. Characteristics of participants included in the study (n=602) by age group (AusDiab 2011/12). 
Characteristic 35–44 years (n=60) 
45–54 years 
(n=174) 
55–64 years 
(n=203) 
65–80 years 
(n=165) 
p for 
trend 
Male; n (%) 21 (35.0) 67 (38.5) 88 (43.6) 74 (44.9) 0.434 
Owns dwelling; n (%) 49 (81.7) 151 (86.8) 180 (88.7) 157 (95.2) 0.013 
Australian/NZ; n (%) 53 (88.3) 151 (86.8) 161 (79.3) 127 (77.0) 0.046 
Household Income; n (%)     <0.001 
     Low, <$30 k 2 (3.3) 8 (4.6) 27 (13.3) 49 (29.7)  
     Lower middle, $30 to <$60 k 10 (16.7) 25 (14.7) 44 (21.7) 68 (41.2)  
     Upper middle, $60 to <$100k 14 (23.3) 41 (23.6) 51 (25.1) 21 (12.7)  
     High, ≥ $100k 32 (53.3) 96 (55.2) 66 (32.5) 14 (8.5)  
Employment Status; n (%)     <0.001 
     Full Time 26 (43.3) 99 (56.9) 83 (40.9) 18 (10.9)  
     Part Time 17 (28.3) 49 (28.2) 50 (24.6) 20 (12.1)  
     Retired 5 (8.3) 10 (5.8) 49 (24.1) 112 (67.9)  
     Other 12 (20.0) 16 (9.2) 21 (10.3) 15 (9.1)  
BMI category; n (%)     0.213 
     Underweight/Normal; <25 25 (41.7) 58 (33.3) 68 (33.5) 44 (26.7)  
     Overweight; 25 to < 30 24 (40.0) 66 (37.9) 91 (44.8) 77 (46.7)  
     Obese; ≥30 11 (18.3) 50 (28.7) 44 (21.7) 44 (26.7)  
Self-rated health; n (%)     0.581 
     Excellent 12 (20.0) 22 (12.6) 28 (13.8) 15 (9.1)  
     Very good 24 (40.0) 74 (42.5) 78 (38.4) 74 (44.9)  
     Good 18 (30.0) 64 (36.8) 83 (40.9) 62 (37.6)  
     Fair/poor 6 (10.0) 14 (8.1) 14 (6.9) 14 (8.5)  
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Alcohol Intake; n (%) a     0.085 
     Low 2 (3.3) 15 (8.6) 25 (12.3) 28 (17.0)  
     Normal 43 (71.7) 121 (69.5) 123 (60.6) 104 (63.0)  
     High  8 (13.3) 17 (9.8) 29 (14.3) 21 (12.7)  
     Severe   7 (11.7) 21 (12.1) 26 (12.8) 12 (7.3)  
Family history of diabetes; n (%) 13 (21.7) 48 (27.6) 70 (34.5) 41 (24.9) 0.108 
Center for Epidemiologic Studies Depression 
Scale (0–20)      0.633 
     No symptoms (<10) 53 (88.3) 163 (93.7) 183 (90.2) 152 (92.1)  
     Mild symptoms (10-14) 4 (6.7) 5 (2.8) 14 (6.9) 9 (5.5)  
     Severe symptoms (>14) 3 (5.0) 6 (3.5) 6 (3.0) 4 (2.4)  
Physical Function variables; median (25th, 
75th)     
 
  Timed up and Go (s) 5.4 (4.7 to 6.0) 5.2 (4.6 to 5.9) 5.6 (5.0 to 6.5) 6.3 (5.5 to 7.30) <0.001 
  Knee extensor strength test (kg) 29.1 (20.4 to 38.5) 24.2 (16.6 to 36.0) 25.1 (17.2 to 33.8) 20.7 (13.7 to 29.6) <0.001 
  Physical function (PF-10) b 100 (95 to 100) 95 (85 to 100) 90 (75 to 95) 85 (70 to 90) <0.001 
Activity variables; mean (SD) c     
 
  Sitting (all), h/day  8.7 (1.8) 8.7 (1.7) 8.5 (1.9) 9.1 (1.7) 0.026 
Prolonged Sitting, h/day d 3.9 (1.8) 3.8 (1.5) 3.8 (1.7) 4.6 (1.8) <0.001 
  Standing, h/day  4.8 (1.6) 4.9 (1.5) 5.0 (1.5) 4.7 (1.4) 0.168 
  Stepping (all) h/day  2.1 (0.7) 2.0 (0.6) 2.1 (0.7) 1.9 (0.6) 0.008 
Light stepping, h/day e 1.1 (0.4) 1.0 (0.3) 1.1 (0.4) 0.1 (0.4) 0.049 
MVPA stepping, h/day f 1.1 (0.4) 1.0 (0.4) 1.0 (0.4) 0.1 (0.4) 0.001 
  Sit-stand transitions, n/day g 55.1 (13.9) 55.6 (14.4) 54.3 (14.6) 49.0 (14.9) <0.001 
This is the S2 Table legend.a low = 0 g/day, normal = <25 g/day (men) & < 15 g/day (women), high = 25 to <45 g/day (men) & 15 to < 25 g/day (women), severe = ≥45 
g/day (men) & ≥25 g/day (women); b self-reported physical function obtained from the 10 physical function specific items in the SF-36 quality of life questionnaire; c All 
objective activity variables standardised for waking wear time by residuals method; d  ≥30 minutes uninterrupted sitting; e Light stepping is <3 METs; f MVPA (moderate-to-
vigorous physical activity) stepping is at ≥ 3 METs; e Sit-stand transitions adjusted (by residuals method) for sitting time. 
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Appendix 3C 
 
S3 Table. Associations of sitting, prolonged sitting, standing, stepping, light stepping, MVPA stepping and sit-stand transitions with the 8ft 
Timed Up and Go (TUG-8) and Knee Extensor Strength (KES) test in Australian men (n=250) and women (n=352) aged 36–80 years (AusDiab 
2011/12). 
Activity a Sex TUG-8 completion time (sec) b p-value  KES linear regression (kg) c p-value  
 RR (95% CI) β (95% CI) 
Sitting (all) h/day Men 1.01 (0.99 to 1.03) 0.991 -0.51 (-1.61 to 0.59) 0.627 
 Women 1.01 (1.00 to 1.02)  -0.18 (-0.67 to 0.31)  
Prolonged Sitting, h/day d Men 1.00 (0.98 to 1.02) 0.605 -0.65 (-1.68 to 0.38) 0.493 
 Women 1.01 (0.99 to 1.02)  -0.23 (-0.81 to 0.35)  
Standing, h/day Men 1.00 (0.98 to 1.02) 0.588 -0.01 (-1.28 to 1.26) 0.958 
 Women 0.99 (0.98 to 1.00)  0.03 (-0.54 to 0.59)  
Stepping (all), h/day Men 0.97 (0.91 to 1.03) 0.439 3.55 (0.91 to 6.19)** 0.152 
 Women 1.00 (0.96 to 1.03)  1.37 (-0.15 to 2.89)  
Light (<3 MET) stepping, 
h/day 
Men 0.99 (0.89 to 1.09) 0.720 4.60 (-0.52 to 9.71) 0.308 
Women 0.97 (0.92 to 1.02)  1.67 (-0.72 to 4.06)  
MVPA (≥3 MET) stepping, 
h/day 
Men 0.93 (0.84 to 1.02) 0.125 5.26 (1.27 to 9.24)* 0.220 
Women 1.02 (0.95 to 1.09)  2.40 (-0.70 to 5.50)  
Sit-stand transitions, 15/day e Men 1.01(1.00 to 1.03) 0.299 0.88 (-0.19 to 1.96) 0.522 
Women 0.99 (0.97 to 1.02)  0.43(-0.56 to 1.41)  
This is the S3 Table legend.a All objective activity variables standardised for worn waking time; b Back-transformed from log-transformed outcome as Relative Rate (RR) 
with 95% confidence interval (CI); adjusted for age (years), sex (male/female), self-rated health (excellent, very good, good, fair/poor), depressive symptoms (none, mild, 
severe) and alcohol intake (none/low, normal, high, severe); b Prolonged sitting = sitting uninterrupted in ≥30 minute bouts at a time; c Regression coefficient (β) with 95% 
confidence interval (CI) that adjusts for age (years), sex (male/female), self-rated health (excellent, very good, good, fair/poor), employment status (full time, part time, 
retired, other) and thigh length (cm) and correct for clustering/stratification (linear regression, STATA ‘survey commands’); d ≥30 minutes uninterrupted sitting; e Sit-stand 
transitions adjusted for sitting time; p-value for interaction by gender; * p<0.05, ** p<0.01 ***p<0.001 for association of activity with physical function within men or 
women 
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Appendix 3D 
 
S4 Table. Associations of stepping, light stepping, MVPA stepping and sit-stand transitions with the 8ft Timed Up and Go (TUG-8) and Knee 
Extensor test (KES) within various age-groups in Australian adults aged 36–80 years. 
 Relative Rate or Regression coefficient (95% Confidence Interval) 
p-value  35-44 years (n=60) 45–54 years (n=174) 55–64 years (n=203) 65–80 years (n=165) 
8ft Timed up and Go (s) a      
Sitting, h/day 1.02 (1.00 to 1.04) 1.01 (0.99 to 1.03) 0.99 (0.98 to 1.01) 1.01 (0.98 to 1.04) 0.310 
Prolonged sitting, h/day 1.01 (0.98 to 1.03) 1.02 (1 to 1.03) 0.98 (0.96 to 1.01) 1.01 (0.98 to 1.04) 0.096 
Standing, h/day 0.97 (0.95 to 0.99)** 0.99 (0.97 to 1.01) 1.00 (0.98 to 1.03) 1.00 (0.97 to 1.04) 0.154 
Stepping (all), h/day 1.02 (0.97 to 1.07) 0.99 (0.95 to 1.03)* 1.02 (0.98 to 1.07) 0.91 (0.84 to 0.98)** 0.039 
Light (<3 MET) stepping, h/day 1.02 (0.92 to 1.13) 0.96 (0.89 to 1.03) 1.04 (0.97 to 1.11) 0.89 (0.8 to 1.00)* 0.052 
MVPA (≥3 MET) stepping, 
h/day 1.03 (0.97 to 1.10) 1.01 (0.94 to 1.08)** 1.03 (0.95 to 1.12) 0.85 (0.76 to 0.95)** 0.021 
Sit-stand transitions, 15/day 1.01 (0.96 to 1.06) 0.98 (0.95 to 1.01) 1.02 (0.98 to 1.05) 1.00 (0.97 to 1.04) 0.241 
Knee Extensor Test (kg) b      
Sitting (all), h/day -1.18 (-3.43 to 1.07) -0.51 (-1.68 to 0.66) 0.21 (-0.46 to 0.88) -0.37 (-1.23 to 0.49) 0.560 
Prolonged sitting, h/day -1.26 (-3.28 to 0.77) -0.87 (-2.24 to 0.5) 0.07 (-0.91 to 1.04) -0.23 (-0.94 to 0.48) 0.591 
Standing, h/day 1.21 (-0.86 to 3.29) 0.07 (-1.13 to 1.27) -0.59 (-1.28 to 0.11) 0.16 (-0.8 to 1.12) 0.270 
Stepping (all), h/day 2.10 (-3.94 to 8.14) 3.94 (0.95 to 6.92)* 1.47 (-0.85 to 3.79) 1.95 (-1.17 to 5.07) 0.660 
Slow (<3 MET) stepping, h/day 3.50 (-7.25 to 14.24) 4.45 (-2.39 to 11.29) 2.32 (-1.53 to 6.17) 2.32 (-1.53 to 6.17) 0.888 
Fast (≥3 MET) stepping, h/day 2.59 (-5.82 to 10.99) 6.27 (2.25 to 10.28)** 2.21 (-2.22 to 6.65) 3.74 (-1.69 to 9.16) 0.496 
Sit-stand transitions, 15/day 1.33 (-1.29 to 3.94) 1.17 (-1.12 to 3.47) 1.33 (-0.19 to 2.85) -0.81 (-2.05 to 0.43) 0.189 
This is the S4 Table legend.a Back-transformed from log-transformed outcome as Relative Rate (RR) with 95% confidence interval (CI); adjusted for age (years), sex 
(male/female), self-rated health (excellent, very good, good, fair/poor), depressive symptoms (none, mild, severe) and alcohol intake (none/low, normal, high, severe);  b 
Regression coefficient (β) with 95% confidence interval (CI) that adjusts for age (years), sex (male/female), self-rated health (excellent, very good, good, fair/poor), 
employment status (full time, part time, retired, other) and thigh length (cm) and correct for clustering/stratification (linear regression, STATA ‘survey commands’); p for 
interaction by age group; * p<0.05, ** p<0.01 ***p<0.001 for association of activity with physical function within men or women 
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Appendix 4A. STEPS study activPAL3 participant information and instructions sheet. 
 
Cancer Prevention Research Centre 
Effects of protein and exercise on muscle and cognitive health 
Tel: (07) 3365 5163 
 
INSTRUCTION SHEET 
Effects of protein and exercise on muscle and cognitive health 
 
Thank you for agreeing to participate in this study. Your participation and your 
feedback is invaluable to us. The data recorded from the activity monitor will be 
used to provide an accurate picture of your sitting time and physical activity 
time across the day. Please try to not change anything about your usual 
activity levels while wearing the monitor. 
How long do I wear the monitor for? 
Please wear the monitor continuously (24 hours per day) for every day for 7 
days removing it on the morning of day 8. The first day (day 1) starts on the 
morning after the monitor is put on your thigh.  
The monitor is water resistant (to 1m) so you can wear it while showering and 
swimming. If you need to change the adhesive patch which attaches the monitor 
to your thigh, we have provided detailed instructions on the next page on how to 
reattach the monitor.  
What else do I need to do? 
It is important that you fill in the sleep diary every day for the 7 days while you 
are wearing the monitor. This helps us to look specifically at the data from 
when you were awake and wearing the monitor. There are detailed instructions 
on how to fill in the sleep diary on the next page.  
Returning your thigh monitor 
After you have worn the monitor for 7 days, please place the monitor, along 
with the completed sleep diary and any unused adhesive patches and alcohol 
wipes, and send it back to us in the reply paid envelope provided for you. If you 
can, put the monitor back into the bubble wrap pouch before putting it into the 
envelope.  
  
Please turn page over for more instructions 
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How to fill in the sleep diary 
• The diary is divided into 7 days, and each day is divided into sections 
about your sleep times. Please complete each section for all of the seven 
days. Please try and be as accurate as possible—record the exact times if 
you can, or at least to the nearest 5 minutes. 
• It is most important to correctly record your wake and sleep times. The 
monitor cannot tell the difference between sleeping and sitting.  
• Note that the sleep diary contains several pages for you to provide more 
information. Please note if you removed the monitor for any reason and 
for how long, and include any comments you may have about wearing 
the monitor. This information helps us in future studies.  
 
 How to change the adhesive patch 
You may need to change the adhesive patch which attaches the monitor to your 
thigh.  
 
• Remove the monitor from your thigh (note that this may 
cause some slight discomfort) and peel the adhesive 
patch off the thigh monitor.  
• With an alcohol prep pad provided in your Activity 
Monitor Pack, thoroughly wipe down the monitor and 
the area of your leg where the monitor was attached. 
• Position the monitor in the middle of your thigh, about 
2/3 of the way up, ensuring that the man on the front of 
the monitor is standing up (head facing upwards).   
• Peel the backing off the big Hypafix patch and place it 
over the monitor. Press the patch onto your skin, starting 
from the middle out towards the edges making sure the monitor is 
secured to your thigh. 
 
 
If you have any questions or problems please contact  
Natasha Reid on (07) 3365 5163 or 0411 039 969 
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Appendix 4B. STEPS study activPAL3 sleep diary. 
 
 
 
Activity Monitor Instructions & Diary 
Please keep this booklet in a safe place so you can return it to us 
 
Day 1:   _____/_____/_____ 
 
INSTRUCTIONS 
 
How to fill in this diary 
  
Wake Time:  
In this section, please write the time you actually wake up, not the time you got 
out of bed. For example, if you woke up at 7am, but did not get out of bed until 
8am, please record your wake time as 7am.  Please note if it was am or pm.  
  
Sleep Time:  
In this section please indicate what time you actually fell asleep. As before, 
please do not record the time you went to bed. For example, if you went to bed 
at 8pm, read for half an hour and fell asleep at 8:30pm, please record your sleep 
time as 8:30pm. Again, please note if it was am or pm. 
 
Nap Time and Monitor Removal: 
In this section please indicate if you: had any naps during the day; removed the 
monitor; and if so, please record the time this started and finished. 
 
Monitor Wear Instructions: 
A separate instruction sheet can be found inside your monitor pack. Please refer 
to this sheet in the first instance if you have any queries about how to secure the 
monitor in the right position. 
 
If you have any questions or concerns, please contact  
Natasha Reid on (07) 3365 5163 or 0411 039 969 
ID: ________________ 
  
activPAL serial #   __ __ __ __ __ __  
Monitor Pack Number:        
  
Appendices 
250 
 
WAKE and SLEEP Time Questionnaire 
Date Wake time Sleep time   Did you remove the monitor? If yes, 
when did you remove it? 
Example 
25th July, 2012 
  
  
7:15 am 
  
9:25 pm 
Off:                 am/pm 
On:                 am/pm 
Day 1 
  
  
  
am/pm 
  
am/pm 
Off:                 am/pm 
On:                 am/pm 
Day 2 
  
  
  
am/pm 
  
am/pm 
Off:                 am/pm 
On:                 am/pm 
Day 3 
  
  
  
am/pm 
  
am/pm 
Off:                 am/pm 
On:                 am/pm 
Day 4 
  
  
  
am/pm 
  
am/pm 
Off:                 am/pm 
On:                 am/pm 
Day 5 
  
  
  
am/pm 
  
am/pm 
Off:                 am/pm 
On:                 am/pm 
Day 6 
  
  
  
am/pm 
  
am/pm 
Off:                 am/pm 
On:                 am/pm 
Day 7 
  
  
  
am/pm 
  
am/pm 
Off:                 am/pm 
On:                 am/pm 
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Nap Time Questionnaire 
Day Did you have any naps today? Nap 1 Nap 2 Notes 
Example 
25th July, 2012 
Yes  
No   
Start:      3:00  am/pm 
Finish:     4:30 am/pm 
Start:                 am/pm 
Finish:               am/pm 
  
Day 1 
  
 Yes  
No   
Start:                 am/pm 
Finish:               am/pm 
Start:                 am/pm 
Finish:               am/pm 
  
Day 2 
  
  
Yes  
No   
Start:                 am/pm 
Finish:               am/pm 
Start:                 am/pm 
Finish:               am/pm 
  
Day 3 
  
  
Yes  
No   
Start:                 am/pm 
Finish:               am/pm 
Start:                 am/pm 
Finish:               am/pm 
  
Day 4 
  
  
Yes  
No   
Start:                 am/pm 
Finish:               am/pm 
Start:                 am/pm 
Finish:               am/pm 
  
Day 5 
  
  
Yes  
No   
Start:                 am/pm 
Finish:               am/pm 
Start:                 am/pm 
Finish:               am/pm 
  
Day 6 
  
  
Yes  
No   
Start:                 am/pm 
Finish:               am/pm 
Start:                 am/pm 
Finish:               am/pm 
  
Day 7 
  
  
Yes  
No   
Start:                 am/pm 
Finish:               am/pm 
Start:                 am/pm 
Finish:               am/pm 
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COMMENTS 
Please write any comments you think might be useful for this study. Particularly include any 
information on how easy or difficult you found it to wear the activity monitor and/or fill out 
this sleep diary. This information will be used to inform future studies. 
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 
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Appendix 4C.  
 
Supplementary Digital Content Table 1. Unstandardized regression coefficients (β) of 
activPAL measured sitting time and per 10 sit-stand transitions with all outcome measures in 
model 4 in older adults (n=123).   
 Total sitting time 
(hours per day)                             
β-coefficient (95% CI) 
Per 10 sit-stand                  
transitions                                       
β-coefficient (95% CI) 
Total body fat mass, kg a   
     Model 4 2.13 (0.88, 3.38)*** 0.05 (-1.54, 1.64) 
Total body lean mass, kg a   
     Model 4 1.28 (0.51, 2.05)*** 0.56 (-0.41, 1.53) 
RASM a   
     Model 4 0.08 (-0.04, 0.21)* 0.01 (-0.14, 0.17) 
ASM/BMI, kg a   
     Model 4 0.00 (-0.01, 0.01) 0.01 (0.00, 0.03) 
% Body fat a   
     Model 4 1.15 (0.29, 2.01)*** -0.32 (-1.39, 0.75) 
% Lean Mass a   
     Model 4 -1.08 (-1.9, -0.26)*** 0.27 (-0.75, 1.29) 
FSST, seconds a   
     Model 4 0.16 (-0.02, 0.33) 0.05 (-0.15, 0.26) 
TUG, seconds a,b   
     Model 4 0.01 (-0.03, 0.05) -0.02 (-0.06, 0.02) 
Gait speed, m/s a,b   
     Model 4 0.00 (-0.02, 0.01) 0.00 (-0.02, 0.02) 
KES, kg a,b   
     Model 4 0.01 (-0.05, 0.06) -0.01 (-0.07, 0.05) 
30STS, number a   
     Model 4 -0.23 (-0.56, 0.09) 0.09 (-0.29, 0.47) 
Leg press 1-RM, kg a   
     Model 4 -2.24 (-7.21, 2.73) -3.75 (-9.47, 1.97) 
EWGSOP definition a,c   
     Model 4 1.25 (0.82, 1.91) 0.99 (0.62, 1.58) 
FNIH definition a,d   
     Model 4 0.75 (0.53, 1.08) 0.58 (0.34, 0.97)* 
* P<0.05 ** P<0.01, ***P<0.001. RASM: Relative appendicular skeletal mass.  a Total body fat mass omitted 
from model due to high multicollinearity with other variables; b Back-transformed from the log scale, values 
represent Relative Rate with 95% confidence interval (CI). c EWGOSOP, European Working Group on 
Sarcopenia in Older People; d FNIH, Foundation of National Institutes of Health. Model 4 adjusted for Model 3 
plus systemic inflammation z-score (unless otherwise indicated).  
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Appendix 5A.  
 
The full manuscript, titled “Objectively measured activity patterns among adults in residential 
aged care”, can be accessed by clicking on this link: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3881141/ 
 
Appendix 5B.  
 
The full manuscript, titled “Assessing sarcopenic prevalence and risk factors in residential 
aged care: methodology and feasibility”, can be accessed by clicking on this link: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4159491/ 
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Appendix 6A.  
Supplementary Table S1. Baseline Characteristics of all Included Participants, Overall as Well as by Television Viewing Trajectory Pattern, 
From the AusDiab Dataset (n = 1938). 
Characteristics 
 Trajectories of TV viewing Time 
All  
(n=1938) 
Consist-Low 
Trajectory 
(n=188) 
Low-Incr 
trajectory 
(n=441) 
Mod-Decr 
trajectory 
(n=259) 
Mod-Incr 
trajectory 
(n=593) 
Consist-High 
Trajectory 
(n=364) 
High-Incr 
Trajectory    
(n = 93) 
 Age (years) 57.6 (7.3) 56.3 (7.6) 56.4 (7.0) 57.8 (7.8) 57.4 (6.9) 59.3 (7.5) 59.9 (6.8) 
 Female; n (%) 1037 (53.5) 110 (58.5) 236 (53.5) 146 (56.4) 309 (52.1) 189 (51.9) 47 (50.5) 
 BMI (kg/m2) 27.1 (4.5) 26.4 (4.6) 26.7 (4.4) 27.4 (4.3) 27.1 (4.6) 27.5 (4.5) 28 (4.7) 
 Attained Tertiary Education; n (%) 1215 (62.7) 119 (63.3) 329 (74.6) 149 (57.5) 382 (64.4) 193 (53.0) 43 (46.2) 
 Married/DeFacto, n (%) 1585 (81.8) 158 (84.0) 353 (80.0) 209 (80.7) 500 (84.3) 307 (84.3) 58 (62.4) 
 Lives in Capital City; n (%) 1260 (65.0) 134 (71.3) 308 (69.8) 141 (54.4) 393 (66.3) 229 (62.9) 55 (59.1) 
 Currently Employed; n (%) 1174 (60.6) 134 (71.3) 305 (69.2) 143 (55.2) 381 (64.2) 176 (48.4) 35 (37.6) 
 Current smoker; n (%) 167 (8.6) 14 (7.4) 24 (5.4) 28 (10.8) 53 (8.9) 28 (7.7) 20 (21.5) 
 LTPA (hr/week)  4.8 (5.5) 4.0 (4.6) 4.8 (5.6) 4.9 (5.8) 4.8 (5.5) 5.0 (5.7) 4.3 (5.6) 
 TV time (hr/week) 12.9 (9.0) 3.4 (2.9) 5.7 (3.2) 15.1 (6.8) 11.8 (4.1) 22.8 (6.1) 28.7 (11.9) 
 Excellent/Very Good SRH; n (%) 966 (49.8) 98 (52.1) 247 (56.0) 127 (49.0) 392 (66.1) 161 (44.2) 40 (43.0) 
 Previous CVD; n (%) 140 (7.2) 16 (8.5) 31 (7.0) 15 (5.8) 44 (7.4) 30 (8.2) 4 (4.3) 
 Known Hypertension; n (%) 760 (39.2) 66 (35.1) 147 (33.3) 114 (44) 220 (37.1) 168 (46.2) 45 (48.4) 
TUG, sec; median (25th, 75th) 6.4 (5.4, 7.6 ) 6.4 (5.3, 7.4) 6.1 (5.3, 7.4) 6.4 (5.5, 7.7) 6.3 (5.4, 7.6) 6.5 (5.6, 7.9) 6.8 (5.6, 8.4) 
KES, kg.cm2 a 0.6 (0.3) 0.6 (0.3) 0.6 (0.3) 0.6 (0.3) 0.6 (0.3) 0.6 (0.3) 0.5 (0.2) 
Abbreviations: CVD, cardiovascular disease; KES, knee extensor strength; LTPA, leisure time physical activity; SRH, self-rated health; TUG, timed-up-and-go. a KES is per 
centimeter of thigh length. Values represent mean (SD) or number (percentage) unless indicated. 
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Appendix 6B:  
Supplementary Table S2: Group based trajectory model of TV viewing time selection in a sample of community-dwelling older adults 
(n=1938). 
MODEL BIC LOG BAYES 
FACTOR 
(2*ΔBIC) 
ESTIMATED 
GROUP % 
ACTUAL 
GROUP % 
POSTERIOR 
PROBABILITY 
SIGNIFICANCE OF 
POLYNOMIAL 
FUNCTION 
OUTCOME 
2 2 -23273.5  49.59 
50.41 
49.65101 
50.34899 
.9691478 
.9683871 
0.48 
0.16 
  
2 2 2 -21853.1 2840.76 24.56 
49.90 
25.54 
24.64807 
49.93115 
25.42078 
.9506397 
.9448027 
.9382913 
0.72 
0.41 
<0.05 
Improved Log Bayes Factor; all other 
factors within limits 
2 2 2 2 -21265 1176.16 24.36 
14.09 
39.89 
21.67 
24.32687 
14.15631 
39.57382 
21.94301 
.949794 
.8770353 
.9184056 
.9386288 
0.44 
<0.001 
<0.001 
<0.05 
Improved Log Bayes Factor; all other 
factors within limits 
2 2 2 2 2 -20829.4 871.22 12.33 
25.75 
35.24  
13.05 
13.62 
12.33351 
25.76513 
34.99161 
13.20523 
13.70451 
.9271311 
.8875106 
.9081002 
.8919091 
.9225789 
<0.05 
<0.001 
<0.001 
<0.001 
<0.001 
Improved Log Bayes Factor; all other 
factors within limits 
2 2 2 2 2 2 -20610.8 437.2 9.70 
13.36  
22.76 
30.55 
18.68  
4.95 
9.74632 
13.51657 
22.29034 
30.20790 
18.85660 
5.38228 
.9203123 
.8891232 
.8734098 
.8734765 
.8692672 
.9231775 
<0.001 
<0.001 
<0.001 
0.06 
0.75 
<0.05 
Improved Log Bayes Factor; all other 
factors within limits 
2 2 2 2 2 2 2 -20402 417.56 9.86 
11.66 
20.54 
29.41 
9.80311 
11.85283 
20.10133 
28.67728 
.9182836 
.8692195 
.8668033 
.8671529 
<0.001 
<0.001 
0.22 
0.25 
Improved Log Bayes Factor but 
groups no longer meaningful; 
Additional group likely reflecting 
missing values at T2 
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5.47  
18.01 
5.06 
6.01184 
18.18667 
5.36695 
.8415434 
.8663179 
.9118045 
<0.001 
0.98 
<0.05 
2 2 2 2 1 2 -20607 7.48 9.70 
22.76 
13.36 
30.60 
18.78 
4.80 
9.74619 
22.27786 
13.52964 
30.28302 
18.92921 
5.23407 
.9203228 
.8733551 
.8895644 
.8742128 
.8703545 
.9265128 
<0.001 
<0.001 
<0.001 
<0.001 
0.05 
<0.001 
Reducing polynomial order  
Abbreviations: BIC, bayesian information criterion 
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Appendix 6C.  
Supplementary Table S3. Regression Coefficients (β) of TV Viewing Time Trajectory Group With Performance on the TUG and KES Tests in 
the Unadjusted and age-Adjusted Models. 
TV viewing Trajectory Group 
Unadjusted model Age-adjusted model 
β 95%CI P-value β 95%CI P-value 
Timed up-and-go test (sec)a       
  Stable Low 0.93 0.85, 1.02 0.12 0.97 0.90, 1.06 0.54 
  Low-Increasing 0.92 0.84, 1.01 0.07 0.96 0.88, 1.04 0.32 
  Moderate-Decreasing 1.02 0.92, 1.13 0.73 1.00 0.91, 1.10 0.98 
  Moderate-Increasing (ref)         
  Stable High 1.09 0.99, 1.20 0.08 1.00 0.92, 1.10 0.92 
  High-Increasing 1.13 0.97, 1.31 0.11 1.01 0.89, 1.15 0.83 
Knee extensor strength test (kg)b       
  Stable Low 1.11 0.94, 1.33 0.22 1.06 0.88, 1.27 0.55 
  Low-Increasing 1.21 1.03, 1.43 0.02 1.16 0.99, 1.36 0.07 
  Moderate-Decreasing 1.06 0.82, 1.36 0.67 1.08 0.85, 1.37 0.52 
  Moderate-Increasing (ref)         
  Stable High 1.06 0.87, 1.28 0.57 1.16 0.95, 1.43 0.15 
  High-Increasing 0.85 0.65, 1.11 0.22 0.96 0.72, 1.28 0.77 
Abbreviations: CI, confidence interval. 
a back transformed from the log scale; regression analysis is expressed as per second taken to complete TUG test.  
b back transformed from the log scale; always adjusted for thigh length; regression analysis is expressed as per kg/thigh length. 
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Appendix 6D.  
Supplementary Table S4. Regression Coefficients (β) for Association of Quartiles of 
Baseline TV Viewing Time With Performance on the TUG and KES Tests in the Fully-
Adjusted Model. 
 Fully adjusted model 
β 95%CI P-value 
Timed up-and-go test (sec)a    
Quartile 1 0.99 0.92, 1.07 0.79 
Quartile 2 1.02 0.95, 1.09 0.58 
Quartile 3 0.98 0.91, 1.06 0.67 
Quartile 4 (ref)     
Knee extensor strength test (kg)b   
 
Quartile 1 1.13 0.98, 1.29 0.08 
Quartile 2 0.97 0.83, 1.14 0.71 
Quartile 3 1.07 0.94, 1.23 0.29 
Quartile 4 (ref)     
Abbreviations: CI, confidence interval. a back transformed from the log scale; regression analysis is expressed 
as per second taken to complete TUG test. b back transformed from the log scale; always adjusted for thigh 
length; regression analysis is expressed as per kg/thigh length. 
 
 
 
